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YT.-5[0RBID ANATOMY OF THE LUNGS. 

§ 405. All mquiries concerning the organs of respiration pos- 
tulate a distinction between the aik-passagks on the one hand, 
and the parenchyma on the other. This distinction is a 
thoroughly natural one, whether we regard the functional 
diversity of the parts, or the anatomical fact that the transition 
from the minuter bronchi to the infimdibula is not gradual, but 
tolerably abinipt. Pathological histology has nothing to urge 
against it. Accordingly in proposing to discuss the patholo* 
gical histology of the lungs in the ensuing chapter, we must be 
understood to refer exclusively to alterations in their paren- 
chyma. The changes which take place in the mucous lining of 
the bronchi were dealt with by implication in the foregoing 
chapter ; and although we shall often find it necessary to refer 
to certain morbid conditions of the bronchial tubes, which are 
causally related to changes in the pulmonary' parenchjTna, we 
shall either be dealing with conditions already familiar to the 
reader, or, if not, we shall take the opportunity of filling up 
whatever gaps may have been left in our knowledge by omis- 
sions made for the sake of convenience in the previous sections. 

§ 406. Before subjecting the morbid alterations of the pul- 
monary parench}ana to a detailed analysis, we must touch on a 
problem of normal histolog)% whose solution is of the utmost 
importance to us, but which, notwithstanding numerous recent 
investigations, must still be considered open. The question is 
this : have the alveoli an epithelial lining, or have they not P 

Since the due performance of the respiratory function de- 
2)ends entirely on the intimate contact of the blood contained in 
the capillaries with the atmospheric air, it would seem, from a 
physiological point of view, as though an epithelial lining would 
prove rather a hindrance than a help. This consideration must 
necessarily bias our judgment, so long as the anatomical evidence 
of the existence of an alveolar epithelium remains inadequate, 
vol.. 11. h 



2 MORBID ANATOMY OF THE LUNGS. 

On the other hand, the development of the lungs, which corres- 
ponds at all points with that of other glands with ducts — 
beginning by an epithelial outgrowth from the mucous layer of 
the blastoderm — is in favour of the existence of an epithelial 
stratum; and the latest investigations of Colherg (Deutsch. 
Archiv fiir Klin. Medizin, ii p. 453) prove conclusively that 
the alveolar epithelium of the human lung persists after birth. 
Colherg succeeded in demonstrating it in the lung of an infant 
nearly a year old, as a continuous layer of cells, giving an in- 
Tertment to the vessels also ; these cells appeared spindle-shaped 
in transverse section, and could readily be detached from their 
bed en nuiste. To explain the uniformly negative character of 
tbe rendts obtained by examining the lung-tissue of adults, he 
lays stress on the &ct, that in order to get sections of adequate 
thinness, every infundibulum, or some part of its constituent 
alveoli, must necessarily be cut through twice ; consequently the 
epithdial lining, which is also twice divided, must form a seg- 
ment of extreme fineness on the inner wall of the alveolus ; and 
while the specimen is being removed from the razor-blade and 
transferred to the slide, this stands every chance of being dropped 
out and lost. The charge of actually blinding us to the presence 
of a constant element of the pulmonary texture, is a heavy ono 
to bring against our methods of investigation ; and happily it 
is not entirely borne out. It is quite possible to demonstrate 
the existence of an alveolar epithelium in any lung ; though at 
firstsight this epithelium resembles nothing less thana continuous 
stratum of cells ; it does, however, represent the final and neces- 
sary product of that metamorphosis with whose earliest stages 
we have been made acquainted in the embr^'onic lung, and in 
the epithelial formation described by Colbcrg in the limg of the 
infant. The alveolar epithelium of an embryo at the fourth 
month is composed of distinct cells with large vesicular nuclei, 
cells which are at least as long as they are broad ; they lie side 
by side with the regularity of a palisade, forming a continuous 
ribbon-like layer between the free surface on the ono hand, and 
the capillaries on the other. In embryos of six months' growth, 
the alveolar lining may already be described as a single layer of 
pavement-epithelium. The cells are still distinct from one 
another, although their breadth much exceeds their depth. As 
the cells continue to grow flatter, they become fused together at 
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lir edges. In the limg of the mature fa'tus wo arc no longer 
to dc-iuomttrate the outliiies of the iutUWdual eells by tlio 
'ering process, titill, even at the close of the first yeur after 
h, a lamina, studded with fusiform enlargements itud flattened 
':, may still bo detached from the alveoli in transverse see- 
Thia can no longer be mode out iu the Ituigs of old 
) ; but wo find in the juice scraped from the pubnonary 
as well OS iu the interior of the divided ulveoli, certain 
wrinkled shreds of extreme ilelicocy, which may elude the 
of even an experienced obsoiver for a long time ; for one 
does not easily recognise in the line and seemingly disconnected 
lines, which arc usually si-iittei-ed over the greater part of the 
field, the outlines and plications of a membrane. They iii-e 
dismissed as trifling inequalities of the slide or oovering-glass, 
and yet, when once their connexion has boon made out, nothing 
is easier than to find thcni again in any and every specimen, 
aud to recognise them for what they rcully arc. la these fiuc 
membranes, represented in lig. 125, the romaius of nuclei may 
bo demonstrated with the aid of eurmino : these take the form 
of little, crescentic, highly refractive particles, disposed ut regular 
intervals throughout the membrone. They fuim one side of an 
oval ring, whose other side is indicated 
only by a dotted line ; the ring corresponds 
to the outline of the original vesicular nu- 
cleus, whose proper substance has shrunk 
into the insignificant crescent-shaped I'esi- 
due. We must bewore, however, of regai-d- 
ing these cells as dead. We shall find, 
on the contrary, thot these very nuclei, 
when exposed to irritation, increase in bulk, 
Itecome surrounded with pi-otoplosm, uii- 
ergo division, &c. Uriefly then, the inner 
woU of the infundibula and alveoli is lined 
by on exceedingly thin membrane, which 
may be show^l to be the ultimate product 
of that flattening and coalescence of the 
pulmuuury epithelia which begins at the '""='«•■ »6o- 
very earliest period of life. Looked at from above, this mem- 
brane becomes invisible ; even after staining the preparation 
with carmine, ivc can only discern the creticcntic i 




Tlie normal tttveoliir 
ejiitlieliuni uf an 
mlidt'» lung. Houio- 

Kulioniui iiieniliianifa 
iif extreme thinness, 
nilli ruilimenbuy 
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S 409. The term EmphvaoiiA essentially denotes the disten- 
sicm, the inflatkn of the intentitial connective tissue of any 
organ with air, just m csdana denotes its distension with seroos 
fluid. ISvfw although true emphysema may affect the lungs like 
any other part of t^ hody, the term is employed in anarbitraiy 
way to denote a oooiiditian in which the pre-existing air-cavities, 
the infundibnla and alveoli, are distended and dflated beyond 
their nonnal siae. This dilatBtian« which is followed sooner or 
later by an ati*ophy of the dilated parenchyma, is clearly due to 
file ciperaticm of a centrifugal force, whether as pressure from 
within or as eilenaon from without. That the pressure is a 
TBsnlt of esjuratkm, and the extension a result of inspiration, 
is obviouF enougji. Tlie point at issue is this : to what extent 
oan tiie pn&Buat of a catuthal afiection of the bronchi increase 
tme or cnliGr of iheae fxters so as to make it produce abnormal 
md iiXPB a tiiiy fdfieco^ f Anv one who carefuUv examines the 
aMK^uausm «f ^le r«|EnlotT process with a view to a solution 
ff fiiif praUsBi w2l becmTinccd that an augmentation of either 
fxtmr Ymml il» jBttpet physiological limits can only be partial 
xa ervaoL fcsKe. l«t^ the inquatory strain upon any given portion 
<f hotS^^afiABe caaa obIv exceed its normal limits when the due 
cxpuuKiL cf ochcr parts of the same lung is interfered with, and 
1^ Tvfti^ivviy haihhy re^adoe is consequently driven vicariously 
Tc^ <«K«py the empty spatv ; and« 2nd, the expiratory strain can 
cuihr oiS5e dihtatMiu if there happen to be some yielding pmnt 
r£ :3>f ^hoc»rte w^dls. thnmgh which a wurt of hernial bulging 
SBiiy W <tt{^t5ed to take }Jac\\ This point is the upper aperture 
of ihc thormx. with it» grvat v;»;<cular trunks which are suljectcd 
Ti^ i&o«!Sftat \watk>tt* in cJilMrv. and its other soft and displace- 
vftUr «MKi;irttC^ A uniRvnu enquhpvniatous dilatation* coextensive 
w^ii ikte ^rfttire hu^r. <tjiniiol thervJtive be explained by any in- 
«yiwr ^rf ^xptwitvvrY j>xwi«ire : and it irtm only W exjJained by 
3ii:i!vui'«' .^ifc*pin*tkvry stwun* if wv sKlopt the )Jau5iMe hypothesis 
^3 itrjiur •l^" iitttwipdent brwiurhitis tir^ one* then another 
V.-inciifcl ^bif :s i^o^ejced with ^wr^tiwu ami ^* first vuie. then 
«ii."cb«r ^if!Ct»»ecic ssi the hiiv^ siubjeete^l tv* iiu iiWvtiMd di-^rrw of 
•&c«mi>o.iT.. T^ vU^w^vrtK^Jtuite ImluUt y x^ the AUterior edge* 
•rtf lOir >ta:dr*v witWit *rv nwwrwt to the tK^vniKne ajvrturv* and 
tWK xwtta xv«mx «v«U ?«vtti t\> Jwlktit^ thtut the au^^mented 
nyuaiwcT fowswrv^ t»yie<c«iUjr it^uy the ^ilR^rt of cmghiiig. 
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EMPHYSEMA. " 

tud also some share in the production of cmphysciuatoUB 
dintGnsion. 

g 411). We can i-eadilyiindorstand, from the analogous effccta 
of pressure and tension upon the tissues generally, how the iib- 
normal strain to which the alveolar parenchj-ma is subjected, 
should load to its consecutive atrophy. The second clement of 
the structural alterations, sc. atrophy of the parenchiTnn, is thus 
brought into a very natural connexion with the same original 
cause aa that to which the dilatation was ascribed. Caution, 
however, is imperative, Wc may ask ourselves whether the 
atrophy may not bo primary, and the emphysema secondary, 
resulting from the atony of the wasted lung-tissue P This ques- 
tion cannot be met by an absolute negation, We know that an 
atrophy of the lung without previous catarrh, has its place among 
the phenomena of senile involution ; and we must admit that the 
appearances presented by transverse sections from a lung so 
wasted, bear a striking resemblance to those in emphysema, with 
which indeed they may be regarded as anatcmically identical. 
Nevertheless, wc are quite justified in viewing tbe nutritive dis- 
turbance as a secondarj' phenomenon, whether we content our- 
Belves by explaining it aa a consequence of centriiiigal pressure 
and extension, or whether we deduce it from the blood- expelling 
action of the expiratorj- strain ; the latter influence is undonbtcd 
as regards the vascular trunks in the thoracic aperture, and we 
may extend it to the vessels of the lung itself; it would quite 
oi^count for the scanty moasuro of blood which they contain ; 
this aiin;mia being, aa we shall soon have occasion to notice, one 
of the most prominent factors in the causation of atrophy. 

i 411. The emphvFiematous distension of the pulmonary 
parenchyma usually begins with a dilatation of that centi-al 
infundibular cavity into which the lateral alveoli open (cf. fig. 
120). This caip-ity, in its normal state, exceeds the diameter of 
the iihToIi by about a third, so that in any transverse section 
made through a dried lung, we may, with a strong pocket-lens, 
or under a power magnifying at most fifty diameters, determine 
tho number of the di^^ded infandibula by the annular spaces 
distributed at equal inter^^als throughout the field. Each of 
those is .'"eparatcd from its neighbours by a double row of smaller 
rings; this is simply due to (he fact that each infuudibulum in 
|irOTided with ita own circlet of alveoli i heuce in passing from 
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tlio centre of one infundibnlnm to that of the next, we muBt 
traverse two such alveolar circleta. These divisions are especially 
marked in the first stage of cmphyaema, sinoe those central 
cavities, which stand in the same relatiiHi towards the alveoli as 
the impluvium of a Pompeion honae towards its chamhers, arc 
steadily increasing in width. Acoordingly, when the emphyaenui 
is still comparatively moderate in degree (as represented in &g. 
126), the large pores recurring at equal intervals, may be recog- 
nised even with the naked eye. 

This, the Jirst step in tiiB process, occasions a demand for 
more space, which is mainly supplied by a permanent increase 
ill volume of the cmphysinnatous portions of the lung. Hence 
Fig. iw. 




such lungs appear more bulky than normal lungs ; the anterior 
edges on each side bulge forward towards the sternum and come 
into contact with each other, pushing the heart backwards and 
iiway from the thoracic wall. The sharp edge which each lung 
normally exhibits in this region gradually disappears, its place 
Iicing token by u rounded, bulging pad, which obliterates the 
boundary" between the inner and the outer surface of the organ. 
This visible increase in bulk must on no account be mistaken 
for hypertrophy. On the contrary, the dilatation of the central 
Uivity of the infuudibula is early associated with atrophy, which 



takoa the form of a i*oduotion in the height of the inter-alveohir 
8epta. The infundibuluin is gradually converted into a larger 
but still conical air-sac, whose inner surface is parcelled out by 
minute ridges — ^the only remains of the former septa. This 
condition is exactly comparable to the normal appearance of a 
frog's lung. In the human subject, it denotes a very advanced 
stage of atrophy, and the destruction of a great part of the 
respiratory surface. 

I may state parenthetically, that I have never seen a pre- 
liminary perforation of the inter-alveolar partitions in this first 
stage of emphysema, such as would certainly occur were the 
atrophy primary ; but always the gradual reduction alluded to 
above, which imdoubtedly points to a mechanical force tending 
to convert the elaborately chambered space into a simple conical 
sac (cf. the far-reaching analogy with the mode of origin of 
retention-cysts, § 70). 

§ 412. The second stage of emphysema may be described as 
a continued simplification of the pidmonary structure ; the chief 
element in whose production is the pressure exerted by two 
adjacent air-cavities on one another. A thinning of the septimi 
between two infundibula takes place at their point of contact. 
Perforation occurs where the partition is thinnest. The opening 
becomes gradually wider, tmtil the two infundibula, which were 
originally separate, combine to form a cavity on whose inner 
Jiurface a circular, projecting fold is the sole remnant of the 
wasted tissues ; this surrounds the aperture of communication, 
which continues to increase in size (fig. 127, a). After this 
fashion, whole groups of infundibula become fused together ; 
the resulting cavities all tend to assume a globular form, and 
there arise, particularly at the edges of the lungs, those simple 
thin- walled sacs, varying in size from a pea to a walnut, which 
we briefly term " emphysematous blebs." 

In still higher degrees of emphysema, particularly in the 
senile variety, the atrophic condition of the parenchyma is 
also manifested by the fact that the lungs, after the thorax is 
opened, collapse far more completely than they usually do ; if 
we lay hold of them with the intention of cutting them open, 
ihey shrink still more, the last residue of air being easily driven 
out. By pouring water on the cut surface, the parenchyma may 
again be distended ; we then see the extent of the destruction 
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which has taken pUcc. The great space contained within the 
puhnoniin' pleura ia tra\-ened by only a few trabecnltc, canm 
ponding to the main bronchi and Teaaels, together with amne of 
the thicker interlobular wptn. The finer elements of structure 
huvc entiroly disappeared. Ilere and there we see tmgged 
shreds hanging from the trabcculo', bridging over some comers 
and filling others up. E^'errthing is blackened hy masaes 




EiuiiIivRt'iiin cif tile lungn, later Muge. The caTitie« a, n, Iwve 
Ui!n I'tiKluiiil \>y till' <■■ '1111111-10 iittopUj- tif the inter^lveolar 
[mrtiti'iTiH <if ciu-li ilifimilibulum ; psHlr ton liy ikc fiuiion 
(if jidjnirind infutiililmlii ; ft. Remnitw of obliterated KCpto, 
(')iunicti'ri It'll )>y the number of iinntripetl mivrnlar flbm 
which Ihcy contuiti (uf. %. 128) ; c. BtanchiH of the 
imhummn- nrtyn-. ,y. 

of accumulated pigment, since the portions of stmcture which 
survive arc those which normally contain the largest amoont 
of pigmentary- mutter, «c. the sbeaths of the Tessds atkd the 
bronchi. 

S 413. Having thus troced the cmphysetnatotis destrtictioa 

•of the lungs from its micfoscopic beginnings to its ultimate 

results, we turn our attention next to the peculiar structural 

alterations which accompany or cause the disappearance of the 

parts. The various tissues which make up the alvedar paien- 
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i^yma are not all affected in the same degree. It is only the 
elastic tissue, and vhat still remoiiiH of the basis-substance of 
lie connective tissue, which undergo a simple atrophy, a uniform 
ahrinking aud obliteration. The retrograde metamorphosis of 
the vessels is more complicated. First of all, the quantitj' of 
blood which passes through them in a given time undergoes an 
obvious diminution; and I have already allowed myself to 
suggest, that this deprivation of blood may perhaps be the con- 
necting link between the mechanical cause of nnphyscma and 
the disturbance of textural nutrition. The calibre of the vessel 
undergoes a gradual and equable contraction ; the arrest of 
the blood-current ia at first intermittent, and finally permanent ; 
the walls of the vessel collapse, and only a narrow, ribbon-like 
bend is left, which may bo recognised as an obliterated vessel 
by its greater transparency amid a dark, often pigmented, 
parenchyma, when viewed by transmitted light, and by its 
uniting with other bands like itself to form the usual anastomotic 
network. Wc find these appearances in the edges of all such 
septa of an emphysematous lung as are undergoing atrophy and 
reduction. The smaller arteries and veins follow the same course 
as the capillary vessels {to which the above observations arc 
meant to apply) with insignificant variations in the anatomical 
features of the process (their walla contracting instead of simply 
collapsing) ; the vascular tree dies at top, ond then its larger 
branches also wither awaj'. The main di\'isions of the pulmonary 
arterj- hold out the longest. The passage of blood through their 
capillaries being well-nigh arrested, some relatively wide ana- 
stomoses are opened up between the pulmonary arterj' on the one 
hand and the pulmonary and bronchial veins on the other ; so 
that (in some degree at least) the passage of blood from the 
right heart is provided for. In well-injected lungs these anasto- 
moses appear as peculiar, elongated, imbranched, vascular arches, 
whose diameter is accordingly the same throughout, and which 
contrast very strikingly with a fur more numerous assemblage 
of extremely tortiious and dilated arteries, for whose contents no 
BUch Bupplcmentjil mode of escape has been provided, and which 
afford visible proof of the great increase of tension In the pwl- 
artory (fig. 127, r). On a former page (S 23D) this 
in tension is suggested as a cause of the concomitant 
irtl-ophy of the right -i-eatricle. 
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fcHIAiding the alreokr vmIL» a the light of 
a m mt rmm mrttiet, npoa which, in the one cMe a oorpoacvhur 
m€ittiou M pound oat (uydogoiu to epithelial catarrh), in the 
tffdKT a fibrinrjiiu cxadation. The aaalogr between the histo- 
logieal detaiLi kaven ]em to be deadred than that betaeen the 
eltaieal phenonena. For while catarrhal indammatioii of a 
mmtuvm membnme id frr leas important elimcallv than the 
•foopoiu form, the rewerne is the cade in corresponding oon- 
dhumn of the pufanonar}' parenchyma. CroiqKMiai inflammation 
i0oar lomple aeate pneumonia, the prognosis in which is usually 
rwy finrourable ; while catarrhal jmenmonia, both in its acute 
aa4 ehronie finms, is one of the most dangerous of diseases ; 
among other ill effiscts, it lays the anatomical foundations of 
polmrmary phthisiii. 

i 417. Thk acxtk Foaac Confining our attention tat the 
prenent to the acute form of catarrhal pneumonia, it is easy to 
nhffw that youth is a powerful predisposing cause of this affiec- 
tion« In children under the age of five, hardly any other form of 
pulmonary inflammation occurs ; the cause of this peculiar fact 
appears Uf me to reside in the greater irritability of the epithelial 
elements of the child's lung, inherited firom the period of their 
devebipmental activity. The epithelial cells are fiir larger in 
inxe ; they contain more protoplasm, and adhere less firmly to the 
alveolar surface than at a later period. Moreover the inflammation 
of the parenchyma proper is usually preceded by a catarrhal irrita- 
tion of the bronchial mucous membrane, so that from this point 
of view the former may be regarded as an "abrupt transition" 
of the catarrhal process from the minute bronchi to the alveolar 
parenchyma — a transition for which the ground has long been 
ready. This may cxxsur in various ways. So, the acute bron- 
chitis which attends measles is characterised by its commonly 
spreading in the stage of desquamation from the nasal and 
tracheal mucous membrane to the minuter bronchi (capillary- 
bronchitis), and then proceeding to set up inflammation of large 
segments of the lung — ^perhaps of half a lobe at once. Again, 
we have inflammation of the postero-inferior parts of the lungs, 
accompanying croupous laryngitis ; this is essentially due to that 
unequal cUstribution of Uood, oir, and bronchial secretion, which 
is ohaructoristic of this form of dyspncoa. For while the air 
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■ •Aoumulatea muiiUy in the uppei- lobes, uud ulong the uitcriur 
edges of both tuiigs, where it gives rise to uvut« ferms of em- 
physema ODcl brouchieetuHy, the blood imd secretions, under the 
infiuence of grav^ity and the pressure of the uir, sink dowiiwiirds 
and backwurds, cauisiag at«lectai>is, cedeina, and ultimately eutar- 
rhul influmniution (of, S 425 ct leijg). Again, we have u aeries of 
cases in which a simple bronchitis extends «i iiiUio into the finest 
mimticutious of the bronchial tree ; this occurs chiefly in badly 
nouiished, scrofulous children, reduced by previous disease. 
Lastly, cu-sos uiidoubtcxlly <x«ur, and thut not seldom, in which 
acute cuturrhul inflamiiiutiouruue its entire course independently 
of bronchitis. 

i 418. Hvper^miu, and a copious exudation of blood-serum, 
nlwuys precede the textural alterations. The latter are known 
to have begun, when the cut Mirtace of the lung exhibits a firmer 
consistency and a brighter colour tending to reddisb-white ; the 
affected part containing absolutely no uir, and being drier than 
usual. The whole of the affected portion of the lung usually 
presents these appearoncea at the u^me of the disease ; hut if we 
succeed in catching it at an earlier stage, whQo still in progress, 
we may readily convince ourselves that the process, for a time ut 
least, is insular in its distribution ; sinca the reddish-white in- 
filtrations are first produced round the afferent bronchi, while 
the intermedialo parenchyma, though airless and (edematous, is 
still loaded with blood. (Marbled lung.) 

Colhei-ij has recently dettcribed the initial steps of the textural 
alterations. The alveolar epithelia swell und produce a thick 
and continuous layer of protoplasm, which is detached from 
the wall of the alveoli in transverse sections us a nucle- 
ated bund. Tile individual cells then separate ; their nuclei 
divide ; an active coqiuscular proliferation sets in ; large sphe- 
roidal cells with vesicular nuclei are produced ; these cannot 
Ito otherwise described than as epithelial elements ; they proceed 
to fill the alveoli, spreading through the stagnant serum which 
these contain (fig. 129). The intensity of this corpuscular pro- 
liferation, the quantity of epithelial elements produced, deter- 
mine the further course of the infianunalion. A complete return 
the normal state is undoubtedly possible. For obvious 
»ns, we cannot offer any reliable facts conoenung the textural 
■toils of this process ; we may as.smuc, however, that the infiltra- 
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ei«n m Mxh tanen mtwt be chiefly seroiu, and poor in oelLt, ant-e 
wt hare ample evidence to xliow that the frreat«r the number of 
thone laT|t«, epithelioid moMoes of protoplasm, which ore secreted 
b^ ibe alve<4i in t-Mturrbitl pneiunonia, the lixs likely i« an in- 
flammatory infiltration to end in resolution and ubmrption. and 
the B^reater the ririk of its lulling n prey to the !<ecoiid mode ol' 
lefri^rrade metamorpboais, w. cttseetion. 

We can trace tbe iirilltrotion through everj- stage in its po*- 
4aft» timn a And whkb i-* simplv rich in corpuscular etementH. 




i.'.iuithal (ineuiuonu. An alr^ulnr and a half The toituoud 
''^pillaii^ of tbe i*\Aji ha\B Wn lujMtnl Tlie nheoli nre 
lillet with f'pitliclul iti-meiiti' 'Wi\m1 from their wnlU'^ 
■ biuli iinr nn lei^jzom^ mnlnplication \n (li\ ii>ii n J„. 

to a maxt coiL'-ialing exdu&irely of cells, and finally to the cheoiiT 
deposit. lIorcorcT Ibew stages correspond to the transition of 
acute catarrhal inflammation to tbe chronic fonn (which vcr\' 
commonly occurs), and may indeed he regarded an the essential 
anatomical basis of the latter. 

f 419. Thf. C'intOMC form. It is very difficult for the 
notbid anatomist, irithont tbe aid of clinical data, to decide 
vfiether a catarrhal pneumonia, after the infiltration ha-i become 
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lecay and eo received the stump of clironicity, waa originally 
!Ute or chronic. The difficulty is partly owing to the fact that 
cheesy miiaa may exist in the lung ior a long period of time 
.without undergoing any change; partly to the circumstance 
that the conditions which precede the actual inflanunatiou, and 
which accordingly surround the cheesy deposit as stugos in its 
development and extension, very often present esattly the same 
anatomical characters without possessing the same physiological 
aigniiicance. I refer principally to congestion and <Bdema, 
which also precede such inflamoiations as are chro]iic from 
the first; when, however, they are by uo means indicative of 
irritation, but are rather to be viewed as the immediate conse- 
quences of the disturbance in the circulation of air and blood 
caused by the bronchitis. We must go thoroughly into this 
matter, since it is one of the most important and interest- 
ing links between the ]>rimary bronchitis and the consequent 
inflammation of the pulmonary substance in chronic catarrhal 
pneumonia. The " abrupt transition" of the inllammatorj- pro- 
cess from the bronchial mucous membrane to the parenchyma, aw 
well as the immediate and primary development of parenchyma- 
tous alterations, do not possess anytlung like the same importance 
in the causation of chronic broncho- pneumonia, as in that of the 
ecute variety; the "abrupt transition" being replaced byamore 
gradual process of extension. On the other hand, we have a 
long series of attendant and instrumental phenomena which 
atamp the process now «-ith one, now with another external 
churairler, giving rise to the tolerably wide variations in the sum- 
total of morbid changes comprised under the common head of 
PULMONARY PHTHISIS. That OUT steps may be the surer on this 
difficult ground, we must distinguish rigidly between ; 1st, The 
alterations in the bronchial tubes and their walls; 2nd, The 
cJianges iji those portions of the parenchj-ma to which the affected 
bronchi lead. 

g 420, It is a tolerably well-known fact that many cases of 
phthisical destruction of the lungs start from a catarrhal affec- 
tion of the respiratory mucous membrane, and particularly of 
those bronchi which ramify in the upper lobes. This catarrh is 
characterised partly by its singular obstinacy and tendency to 
recur, partly by the never-failing scrofulous enlargement of the 
retro-bronchial lymphatic gland* {Virv/iote). The accretion is 
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highlj oorpusculated, and therefore viscid and concentrated ; 
benoe, too, it adheres very tenaciously to the walls of the respira- 
tory passages; this occasions disproportionately frequent, though 
in the main unsuccessful, efforts at coughing and hawking. Dis- 
section shows the larger bronchi loaded with this secretion, while 
a certain number of the smaller tubes appear to be completely 
plugged by it. On examining transverse sections of the latter, 
we find their walls permeated by a countless multitude of cor- 
puscular elements, the boundary-line between connective tissue 
and epithelium obliterated, and the latter replaced by the above- 
mentioned thick layer of muco-purulent secretion. I have 
observed this condition in bronchi from 0*5 to 0*3 millimetres in 
diameter, and I connect it with the early disappearance of the 
basement-membrane, which is of such extreme thinness in 
these bronchioles that its very existence is a matter of some 
doubt. In the trachea and larger bronchi the basement- 
membrane acts as an important safeguard against the extension 
of catarrhal processes into the deeper tissues, just as the elastic 
networks, with which they are so abundantly provided, serve to 
resist the distension of the mucosa with inflammatory infiltra- 
tions. Both of these structural peculiarities gradually become 
less marked as we pass from the trunk of the respiratory tree to 
its branches ; hence the narrower the bronchi, the more liable 
are they to become blocked by swelling of their lining membrane 
and by aocumulated secretions, as a result of simple catarrh. 
Add to this that the persons most commonly affected are those 
whose respiratory organs are congenitally feeble (hereditary 
transmissibility of phthisis) or those whose vital powers generally, 
including their respiratory mechanism, have been weakened by 
febrile or other wasting diseases. The expiratory effort needed 
for the removal of the viscid and adherent secretion proves too 
great for the patient's powers ; during the inspiratory act more- 
over, owing to the ease with which a compensatory dilatation of 
neighbouring portions of the lung may occur, no air forces its 
way past the viscid plug of mucus into the parenchyma behind 
it ; the block becomes chronic and ultimately permanent. 

The ulterior consequences of the more or less complete occlu- 
•ion of the bronchi which has been thus produced, may be traced 
in various directions (8 426) ; for the present we will confine 
attention to the primary disorder. 
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S 421. Supposing the secretion of muco-pumlent matter to 
fiave entirely ceased, tlie atagnant fluid becomes inapiasated, ita 
tttrpuscular elements die, and a yellowish- white, greasy plug is 
left, which protrudes from the cut surface when the lung is 
squeezed, and which thus serves aa a guide to the original 
position of the tube. At a later period, choleaterin and earthy 
salts may be deposited in the interior of the plug ; this change 
however, is almost invariably associated with the calcareous 
impregnation of large pneumonic foci, which form, as we shall 
immediately see, round the obstructed tubes.* 

The bronchial wall itself cannot, under such circumstances, 
maintain a passive attitude. The retained secretions become de* 
composed ; and the products of decomposition act aa a peraistent 
irritant, whose intensity varies in proportion to their quality. 
At the same time, those phenomena of proliferation in the bron- 
chial walls, which were briefly alluded to above, increase both in 
extent and intensity ; a series of very characteriatic atructural 
alterations being developed, which fall under the common head 
*f " reaction against a superficial irritant." 

% 423. A. First among these comes an inflammatory over- 
growth of all the structural elements of the bronchial wall, and 
especially & progressive fibroid thickening of the peribronchial 
connective tissue, the PERiBnoNrHiTis chbokic^ of Virchow. 
Although it is uHually diflicult to follow up the bronchi to their 
finer ramifications with the scalpel, we now find them getting 
relatively thicker as wo approach their terminal divisions. 
When cut across (and the bronchi are more often divided trans- 
versely than longitudinally when the lung is incised) the 
thickened tubes present a striking resemblance to solid nodules ; 
for their lamina ore nearly obliterated, partly by the thicken- 
ing of their walls, partly by viecid secretions ; hence they 



It has been osaertal that what are known as " pulmonii: concretions" 
fPalnUi palTHonaUi) cunsist wkly of the bronchinl secretions which have 
teeowe inspissBted and Ealcareoos. I du not vneh to deny the existence of 
thMe bronchial caluulL But 1 nevertheless believe that very many pul- 
toonic concretions, eepecially Uiose which are coughed up periodically In 
consiilemble numbers (whence the term Phthisis calciilosa), repreaent entire 
lonaiy lobules which become impregnated with earthy salts, and then, 
foreign bodies, are set free (rom their connexions by suppuration in the 
itiol connective tissue. {Ute below.) 
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lued feimerly to be uken for tubercLw. The error was quite 
excosable, for it is oeruin ihmt copditions of this aort are 
intimatelT a«ociated with tuberculoais : moreoTery if tlie knife 
■hoold bT chance hare been carried through the terminal tnfk of 
bronchioles into which a ain^ tube breaks up, and the indi- 
Tidnal twigs, all equally diseaaed, and all divided at right an^ee 
to their axis, present themaelTca to the naked eve on the cut 
surface of the lung, ther loc^ exactlj like a '^ nest of miliary 
tubercles/' Peribronchitis is commonlv associated with a fibnnd 
OTcrgrowth of the interlobuhir connectiTe tissue; this flows 
Terr naturally from the direct continuity of the peribrcmchial 
with the interlobular connectiTe tissue, at the roots of the 
pulmonary lobules. 

I 423. B. Again, the secretions may accumulate in such 
quantities as to distend the bronchial tube for a short distance and 
to thin its walls ; this sets up a condition closely analogous to 
the formation of retention-cysts in other organs. We must bear 
in mind, howcTcr, that the etiology of the process may be, and 
in most cases probably is, far more complicated. The partial 
blocking of certain bronchi by plugs of secretion is necessarily 
followed by an increased rush of air to those parts of the lung 
which are still perrious, causing them to be permanently dilated. 
The reader will recollect that it is just the compensatory variety 
of emphysema which best admits of a mechanical explanation. 
Xow ccmpensatory emphysema is relatiTely rare in phthisical 
lungs ; in its place, howerer, we very commonly find a ctlin- 

IlftlCAL DILATATION OF ALL THE MINUTEB BRONCHI, of thosemore 

especially which dip immediately into the alveolar parenchyma. 

iJn cutting open a bronchus frmn the root of the lung, we find 

that the scissor-blade advances with greater ease and certainty 

as we approach the periphery of the lung; indeed, we are 

often able to follow up branches no bigger than a raven's quill 

closic under the very pleura. This form of bronchiectasy con- 

traijts markedlv with the ordinarv catarrhal varietv. inasmuch 

• • • ' 

as the bronchial wall is extremely thin, instead of exhibiting a 
hyperplastic thickening of all its textural components. This 
thinning may go so far as to obliterate all the specific characters 
of the bronchial wall, converting it into a thin, glistening mem- 
brane, which lines a cavity of considerable size. To attain this 
result, the elastic networks are dragged asunder : the muscular 
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>at separates into (aBciculi of varj-ing width, wliicli recede from 
3 another, leaving fissure-like intervala between them ; the 
I mucosa proper, so far as my observation goes, retains its normal 
I thickneHS, so that the thinning appears to be confined to thn 
I outer layers of the bronchial wall. Very striking is the lack of 
I TeeseU in these dilated bronchi. The capillary meshes are very 
" wide, the art«rtes and veins are stretebed and their calibre 
narrowed. The mucous surface is always in a state of catarrh ; 
indeed, a general cat-arrh of the bronchi underlies the whole 
group of disturbances which we are now considering, and I 
venture to suggest that the diminished cohesion of the textural 
elements of the inflamed bronchus may even contribute not a 
little to its dilatation. The catarrhal secretion is extraordinarily 
rich in corpuscular elements, and contains but little water ; it 
sticks to the bronchial wall, and displays a tendency to accumu- 
late in considerable quantities. Bearing this fact in mind, we 
may very naturally interpret the nppearances described above, 
. of dilated bronchi, crammed with secretion — by supposing 
I the dilatation to have been primary, the accumulation of secreted 
matters secondary. This gives us a finn basis on which to 
ground our theory of the morbid process as a whole ; ina.smuch 
aa its extension from the portion of lung originally affected to 

tneighbouring parts, may be in some degree facilitated by the 
antecedent compensatory dilatation of the terminal bronchi. As 
regards the further course of the disease, particularly in refer- 
ence to the alterations in the pulmonary parenchyma, it is a 
mattor of indifference whether the obstructed bronchus was or 
ir&s not previously dUafed. 
g 424. c. The inflammation of the mucous lining of the 
bronchi may, at any period in its course, diverge in a third 
direction ; it may pass into ri.cEHATios. By this t«rm we must 

I not understand that simple form of " excoriation" usually known 
as a " catarrhal ulcer" when it occurs on the mucous lining of 
the mouth or on the skin, but a truly destructive process, which 
eats away layer after layer of the mucous membrane (previously 
infiltrate with corpuscular elements) and mingles them with 
tte secretion. As regards the intimate nature of this ulcerative 
process, it need only he remarked that in some instances it cer- 
tainly deserves to bo called " tuberculous." I have in my posses- 
ajon a phthisical lung, in which the dilated bronchi of the second 
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tihi *lnrri iH«-r *\l:.":'»i: -.iiH»r'al»ui> 'liivranon \n its most cypieal 
'i-rrr* .i i>-? . i[ r»i ver P#-'i«#f jj^ T^PDeiiredlv directed 
irTr*nri«'r: -^ 'iip nn****r»'p ^t '9*'arTt?r»^i mliury aiMiuies «th those 
irr-riTi-. vii:!*:: .rtui "^^ r^v-ievelotH?d v.imicap. HtHH-e we may 

Mm If 

n>r "iiiU ••»:>»r.viir.si.-* -^menmes Mkes j very •ieeided part in 

iit* THMiu'^-.i^n »t* 'Iit^se brmi'iiiai ■iii.t?rani.»iw : mure thun this 

»♦* tvp- .:or u-r.ritHi :n issiiiii;3;r- -i-"? i r^ie. "iier^ are 3u miliars 

'..-.* ;ii«-*s -1. w li^iiiM. P^e iescroi-Tiv.* pnit-ft?* mu^T then be 

ivrjanirti »> I 'imnie ■iii»i?nintm. Coder rhe inlhimme of the 

'''.tiTiiir.r -^HT^r-.i^n.". xiii*riier "iiar 'jntuence be •^hemioil or 

nrn\i«in:i-:u n :s niiiie 't i*"^.«c. "lie aic!*r 'iODerdcxai luver of 

-i:p r.iiisrri;.>ft :nui\".ii-i oienii'ruie indeni'H?* aevrabitieu in 

vi'i'n»*:«. r*!!" > :luli^trjfi ir i lun *r .e^"*- IiTeiy nsuL'tion in 

-I'.r^ ict*Tv- .u^"**"'. r^^uir^ri;! -^ '^^ ienu-'iment oi rhe nevnwed 

-:'.-::«*. "^^ '[\:\^ j*'' i 'ihar7i~-':r-vinL*««T:Iied. 4isi&Ii>w lieletrt. 

-.- r i:.- ■/.:;::.- r* ■^- L'ili»=f i rF. '^ir oiiiv jts Temuveit bv 
-4'— ;;■:•,;. '.- •■ 1 "iTr-r.-.m t *j^s :uir"'-u: tp «»««». -iie innlrrated 
V :/. ■: -';»• r i:i':> - «r«»t=fii'.-- -:ir*r?i -Iir-'iuri . "he ui*»rmtion 
.';--r:.> ■■ - r- -',ii.:Tii'»:iir — >-"a-. "T'licii ir .<<ni£er «A>ntaLn» uiT 
.:■ .'■' \ : j." rt^n • ■»;■■ *r'*-»ii i" i ''li'sr.uife nusr 'jxL'eilentdv 
•»:.ir''-:: ■■'■ " .»» -rrvi.: t" -^»» :t="iJ~^;rr-. - ? ■••:;in:ys. T? uhh^ point 

.■ :>*". :". :r '■ ■ ■ *^ '• ■ ' -i"^* .. ". "7 :». -i "•« * > •* "j* ras ? ^ jIe> - 

----- --:=-!•--. -r .vw.-.i ""- ';i.i^r'"iir t i 'jr*.»ni'iu*s in ziini 

-. — . r. r :;r^--*'..;i* v:., j. ^i*< viij!*: "ire 7%'in.r ?t ^bscnction- 

r • ►-- -< - ■-■--' •..:: -r'- i:'^ i.-iul"- ^r-«:*i^*^ Y^u experi- 

:---.< — . - ■- r \T.\ j^. Ai^..! iivmr"* w.'h "he nnroer 

•■ - ..■ j:. "•>. ui.'v* -''tir^::^ i -y t'^'i -.7 ^3 iynsL she 

.- — .:: ::' .» '■^- — »:.'••■ ".k"*.^!^* . "!> 'uum*!^ TiiXijjrn^r ot 

". - . - -.i:' ■ •':i^*-^ ■: " :•' ■•^•••*'»*. '• .*^r inn'n:; -"* 

■* ■■"- - . ' .- - • , . ;:•>,! i ■ :«i L.- * ,-. .V siiir^iv- 

.- ■• -'. ■..- '■.»■-.■■ -i . •^•^-■■'^v;^: --ifiT." 7r*i:«T- 

~ "* - . ■""» „ ■■ ■•>iT""^:" ■ ■■• * • . •,- i-t ■'k'-^s^ Ti • ■ ■• •* 



CATAHUH.U, FNEUMOKIA. 23 

bronchiectasy — mv foregoing paragraphs), and the part in 
questioQ is left entirely to itself. The clastic reaction of the 
parenchyma comes into play, endeavouring, by the complete 
expulsion of the reaidnal air, to reduce the part to ila natural 
size. Should this att«mpt be successful, the acquired collapse 
becomes quite undistinguishable from the congenital variety — 
theoondition of the lung into which air has never been admitted. 
The collapsed part is smaller than it was ; if its base {as 
generally happens) is turned towards the periphery, we notice 
u depression of corresponding size on the pleural surface, with 
the little protuberances (each = a lobule) which are bo charac- 
teristic a feature of the fa;tal lung," The surface is accordingly 
uneven and tubei-culated. In colour and amount of con- 
tained blood, the afiected part, at least in the earlier stages, 
also reminds ns of fwlJiI atelect4i«is. The wedge of lung- 
substance is of a reddish -purjjle hue ; it shines through its 
pleural covering with a bluish lustre. But it is in the amount 
of contained blood that a profound difference, and one which 
makes itself felt in the further evolution of the morbid state, is 
speedily established ; for in the acquired form of atelectasis the 
inrTiiit.KMiA, which was at first only simulated by the approxi- 
mation of the capillaries to one another, speedily becomes real, 
S 42G. In the fottal lung, no disproportion can exist between 
the length and width of the capillaries on the one hand, and the 
si>aoe which they occupy on the other. It would be impossible 
for the vessels to extend or develope further within the fixed 
limit« of the space assigned to them. It is otherwise in the case 
of acquired atelecbisis. The non-expansion of the lung is now 
an abnonuul condition, for the occurrence of which no thought 
was taken, no provision made — to speak metaphorically — during 
the extra-uterine transformation of the lungs into breathing 
organs. This transformation involves the most luxuriant possible 
evolutiou of the vascular apparatus. If therefore, at a time 
when this evolution has become an irrevocable fact, a complete 
contraction of the elastic part of the parenchyma should occur, 
this must necessarily give rise to a disproportionate impairment 
of the length and calibre of the vessels. The framework of 

• The pultDonarv lobule* must not l»e confounded with the iuluii- 
Mch of th<^ former contains nearly twenty of Hie latter. 
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eia«tic fibres at once becomes a mecbanical obstacle, interpofi^ 
between tbat portion of the blood-channel which projects freely 
into the infundibulum and the alveoli — %e. the capillariee — and 
the interstitial or interlobolar afferent and efferent Teasels. The 
blood-current is retarded ; the blood acconmlates in the capil- 
laries, and the collapsed portion of lung becomes congested. 

The congestion is followed sooner or later by an exudation of 
serum into the alreoli — ^the collapsed part becomes cedematous. 
Its bulk increases in proportion to the degree of oedema ; it rises 
to its former level on the pleural surface ; nay, it may even pro- 
ject beyond it as a flat, elastic swelling. Its consistency is 
doughy ; it retains the imprint of the finger ; its free sur£M» is 
of a bluish tint ; on section it appears of a dark reddish-brown 
colour, moist and smooth ; — in short, it resembles the spleen so 
closely in its external aspect that the term splenisation is the 
best that can be found to denote its condition. Now it is quite 
plain that the splenisation of lung-tissue does not necessitate any 
antecedent atelectasis for its production, but only a sufficiently 
intense degree of congestion with efiusion of serum into the 
alveoli. Every passive hyperacmia, and especially that hypostatic 
c'>ongestion of the lower lobes which accompanies the gradual 
failure of the heart's contractions in most modes of dying — in 
heart-disease, in tj-phoid fever, and other states of exhaustion — 
may lead to splenisation through an cedema which expels the 
contained air. At this point, therefore, the process which we are 
now considering loses all its anatomical individuality ; it would 
be impossible to tell, by examining the affected portion of 
lung-tissue, whether it had been previously atelectatic or not, 
but for the clue afforded by the wedge-shaped limitation of the 
atelectasis, as also by the fact that the hypostatic variety of 
splenisation is only found in the dependent parts of the lungs. 
Under ordinary circumstances however, it would certainly be 
impossible to recognise a wedge of lung which had undergone 
splenisation after atelectasis, in the midst of a lower lobe affected 
with hypostatic splenisation. 

§ 427. Splenisation, in the most general sense of the 
word, appears to offer an exceptionally favourable soil for the 
development of inflammatory changes. It may even replace the 
initial congestion of acute inflammation, and so lead to lobular 
and lobar infiltrfttinna, which, however, are invariably of a 
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catarrhal character. This is the order of events in the hypo-* 
static pneumonia of patients in a typhoid state, or suffering 
from extreme exhaustion, as well as in those broncho-pneu- 
monic complications, occurring in the course of phthisis, which 
we are about to consider. 

Apart from inflammation, difiuse splenisation of the lower 
lobes may be followed either by recovery or by death ; atelectatic 
or lobular splenisation, by a series of further changes which are 
successively evolved by the continued operation of those forces 
whose action has already begun. We will notice two of the 
members of this series more particularly, viz. ** chronic cedema," 
and '' slaty induration." 

§ 428. Chronic (Edema is primarily distinguished from 
splenisation by the absence of congestion. It would seem as 
though the supply of blood to the affected part were more and 
more impeded by the growing amoimt of the serous effiision ; 
this is strictly analogous to what invariably accompanies all 
pneumonic infiltrations (§ 431) ; the infiltrated material cannot 
yield, because it is enclosed in a cavity which is not susceptible 
of unlimited distension ; hence it expels the blood, which can 
vield, t.^. can enter other channels besides those which traverse 
the infiltrated part. The latter swells to a still greater size than 
before, if possible, becoming at the same time paler in hue, and 
finally exhibiting only a few red striae, winding over a surface 
which is otherwise of a uniform pale yellow colour. On cutting 
into it, there flows from the cut surface a clear, highly-concen- 
trated serum, free from air-bubbles, in which yellowish-white, 
dust-like particles may here and there be detected. The cut 
surface itself also appears to be sprinkled with a similar yellow 
dust, which turns out, on microscopical examination, to consist 
of cells imdergoing fatty degeneration, the so-called ** granule- 
cells." The paleness and brawny look of these foci contrast 
strikingly with the lively red hue of the surrounding tissues, 
whose colour is deepened by the collateral fluxion, i,e, by the 
accumulation of the blood which is unable to penetrate into the 
affected part itself. 

§ 429. SLATi' INDURATION of the lung, at least as regards 
the parenchyma, must also be viewed as a termination of pro- 
longed atelectasis, and not as a chronic inflammation. It is 
indeed by no means easy to maintain a sharp boundary-line in 
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this matter. Grej induration is normally found in assodatioii 
urith the chronic peribronchitis described in § 422, which in its 
torn is as constantly boimd up with an inflammatory overgrowth 
of the interstitial, i.e. interlobular connective tissue. The latter 
pushes its way &om every side between the islets of parenchyma, 
in tiie form of progressively widening trabeculas ; it separates 
tiiem from one another and compresses them, assuming an un- 
natural prominence in the sum-total of anatomical appearances. 
It is important nevertheless to bear in mind, that the alvecdar 
parenchyma itself takes no active share in the inflammatory 
change. What little bits of lung-tissue we notice, contain neither 
air nor blood ; nevertheless the septa between the individual 
alveoli may still be demonstrated, and it is not till a very late stage 
of the process that the approximated surfaces really become fused 
together, and the interstices between them obliterated. If we 
try to inject the part, our injection penetrates only into the 
vessels of the interlobular connective tissue, while the former 
parenchyma does not admit it. The most characteristic feature 
of grey induration is the presence of black limg-pigment in 
enormous quantity. It occupies the interstitial connective tissue 
as well as the atelectatic parenchyma. It consists of small Uack 
granules, aggregated together in the interior of cells, but which 
are also scattered free throughout the tissue. In isolated patches, 
as large as a lentil, usually round or elongated in shape, the 
deposit of pigmentary matter is peculiarly dense, giving them 
a deep black hue. These patches indicate the site of former 
hasmorrhages ; they are obsolete heemorrhagic foci. The pig- 
ment, in slaty induration, is imdoubtedly derived from the 
oolouring-matter of the blood. For the circumstance that the 
pigmentation is most intense in those very portions of the lung 
which are earliest shut off from the inspired air, makes the 
hypothesis that this pigmentary matter is inhaled, untenable ; 
moreover, side by side with the black pigment in these lungs, 
we find a number of intermediate granules of a brown or rod 
hue, which are more nearly related to the oolouring-matter of 
the blood, and represent the earlier stages of pigmentary meta- 
morphosis. 

It is also to be noted, that the aspect of a piece of lung 
affected with peribronchitis, overgrowth of interstitial con- 
nective tissue, and slatv induration, is so exceedingly character- 
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iitio, thatHhuloug served ob tba type of "healed tuberculwis." 
" We find on the pleural surface, layers of exudation of an 
almost cartilaginous liarduess, which send radiating bands of a 
white coloiir into the iuterstices between the lobules ; amid thece 
we find a number of transversely- diWded bronchi filled with 
oheesy or even calcareous plugs, and whose walls have under- 
gone lihroid thickening ; the space between the bronchi and the 
interlobular septa being occupied by a slate-grey, dry, airless 
and very tough parenchyma." 

% 430. IsFLAMMATioN AND CASEATION, We have hitherto 
broken off all the threads of our inquiry at the poijit where 
inflammation of the lung-tissue sets in. We have found that 
the tissue in which the indanunation begins is no longer, as 
a rule, the normal parenchyma of the lungs, but a tezfure in 
various stages of hypemeraiar atelectasis, splenisation or oodema, 
We have found that the inflanimatorj' changes in the bronchial 
tubes reach an advanced stage before they extend to the sur- 
rounding parenchyma. On the ground of the causal connexion 
between the bronchial and the pulmonary inflammation, V'rchoir 
has given the name of bi-oncho- pneumonia to the process iu 
question; to him we also owe the term "cheesy" or "dry" 
pneumonia, which has reference to the quality of t!ie infiltration. 
From the histological point of view, the term " cataiThal inflam- 
mation " is the best ; to this we prehx the clinical epithet 
" chronic," on account of the slowness of \t-a course. 

The infundibula and alveoli in the neighbourhood of the 
diseased bronchi, become filled with corpuscular elements 
which separate Irom their walls ; these are epithelioid, large, 
spherical, or if angular, their angles are rounded ofi'; 
they are furnished with round, comparatively small and lus- 
trous nuclei. The testural details are therefore identical with 
those described in the acute form of catarrhal inflammation 
(§ 418). Indeed, we must add that it is quite impos-sible to 
decide (from the anatomical appearances alone), whether a 
recent infiltration, i.e. one which has not yet become cheesy, 
was acute or chronic u/i initio ; even when the clinlc^d symp- 
toms bear witness to the chronicity of the disease as a whole, 
-fveu wiien we find the various et-ages of the iufiammution 
by side in the same lung, we cannot positively reject 
9 suspicion that the actual infiltration, like that formerly 
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v^ '. , %• \f,rr:.^, .• .< r.<:v':r r^^Uv normal, bat i» alvan eitiier 
v.n3r>>t/kf: -,♦ ^A'.iaryv^ »pU^;ri-liko or fvimplv nednrntoa*. more 
• i.-i.! / *-r. %r. /•#ir/.AV,i» arid j/alr:. Whatever mav be the oon- 
't* r.»'. ',?• v-.z-r '^f'c.f.T.ytuA. ifi '#t}i#:r reKpect«, the frequent occar- 
•■■'./-'• ,•' » /y,r./-. ^fr.ffi^i;if/Tly .Hurrr>unding the nodule^, and 
*/,»-.**♦ -..-./ * .-v!rl.»f..jrr«ry, d^ir or nlightlv turbid. svnoTia-like, 
/! i' . /.' ♦ ' . * ?. ■ ♦ r %? i/,ri 'if^filtrntitin ff^fnfinewie of i^^fii »w; is hifrhlT 
'-'fM^'xt^i^.^.f: Ihf: \tr*^:uv,t'. of thifl £one indicates an atooT 
4(.K y\fh:,*^**' 'A *'ui: U^Mi'M^ which immediately precedes their 
.yt.'-^x^'.t,^, ^^u */,Ti,u>/:uiHr frlritneritH ; it in sometimes barelv 
.v^ /*>s»i',i<^ ;.'. '/h/-T '.aw««< it. i'-xUiitdn wi far an to form a common 
4^'f,*A f/.r 4ii *f.#: tif/\it\f'M of a Hinglo fpx)up ; sometimes it 
.'A*/ rr,^^sui *ir.fv*5rh »fi 'ffitirij lobule, or e\'en through large 
»vt/>. -*i',;»vy/j w^/r/.#^,»^. of fhf; lung. In the latter case, it is 
'-^r/ <.f:/''>:*, ,f fy/ i/f»yi^/*!ftibl#f, t/xlJHfinguiHh between gelatinous 
..'V*..^ *«?t/,r. *r./5 •jr./: ^hf'/fii/; o-dfmja of an atelectatic part; I 
M^skv. *'A^^ v> * «ro v/n/liliori*i havo nrjieatodly been oonfoonded 

i i/54 H,^/,l//^/if.(i\ uniilyHiH of the "grey granulations " 
;>ii^^ v^ /♦v*:?* ^i^iuAM in fij(. I 'JO. The drawing shows two 
p^^^y^xy,yf,^jtuftr.f. f/i^^j ^fiilMi; tuU;rclcH), as large as millet-seeds, 
«Aif^ 4i i//w ti*^prttttylhpr^ \fttwtir. At /i ^, in the centre of each 
^Mr^l*^i//ri, «r«; two bronchioloH transversely or obliquely 
4iy'Af^ \ t^^y hw. \An\^,]^i\ with u cheesy mass, which, however, 
H^^Uf^ U, fi* prfHki friabilily, hiis iwrtiully dropped out while the 
M^v//r# w*4 ^^Ttng rnn/l^: ; th«3 duMtic layers of the bronchial wall 
«rvr Aii^ifnik^M, and, ifi^ft.her with the adjoining alveoli, infil- 
tfh^M with a KuUtanrsA which once consisted of cells, but which 
biM wm )t»^/tnnii ch#9«;Hy. 1*he zone of caseation embraces two 
Uf ifar«M fffwn of al viy^li ; tliis is evident from the residual elastic 
fAmntffiU of the alv«)filur framework. Next comes a zone in 
whf<;hlh#i infillnttion is actually takingpluce; ut this point, higher 
magnifying jyo wers would enable us to see appearances like those 
In fig. 12(1; still farther outwards, wo see lung-tissue which is, 
w yet, comiMiratively normal. A successful injection of the 
pulmonary artery shows us how far the vessels still admitted 
blood into the affected area during life. We see that they are 
nowhere pervious quite up to the cheesy part of the deposit, 
while in the area of recent inflammation they are all filled 
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with injection. I repeat, that only one inference oan be drawn 
from these appearances, sr. that an inBltration, exoeaeive ia 
•mount and rapidity of increase, has compreBsed the blood- 




lutu brunulio-iiueumuiiiu foci. {Lavnnte't "tuburcuUr 
gnmuktiouu.") u u. Ttia luiiiiiui ul' two adjHwut bron- 
cliiolea, whose cheesy contents have in part dropped out ; 
their wHlla are inflltrattHl with cellfl, aiid pass uninter- 
ruptedly into tlie catarrlia] inftltration of the BurronsdiDg 
parenchyma. The niiinl)er uf the infiltrati^ ulveoli may 
be recognised by ttie umiDgeaieut uf the elaatic fibna ; 
b bb. Blood- vesseK j Jg iniu. 

I, causing its ovm necrobiosis and conversion into cheesy 
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plicry of the lobtileB," excited by the oxtenaive disorganieation 
in their interior ; individually, howcTer, they exhibit miuiiJoId 
variatifMis, to which the waked-eye appeara:cce« of the 
prmnsicAi, i.vsn in the later stages of the disease are really due, 

Eafh porticle of the pulmonary parenchyma which has under- 
gone euaeation ia a rapvt trwHuuni ; its coiuiexJcm with the 
organism must, sooner or later, be broken in one way or 
another, and the continuity of the organism re-established. The 
umpleM solution of the problem is the occurrence of a seqnea- 
tratinp suppuration of the interlobular connective tissue round 
the cheesy lobule ; this breaks down all the bridges which unite 
the dead with the living tissue. I have met with an example of 
this nR«T form of pulmonorj- phthisis in the person of a scrofu- 
lous child, seven years of age.' A lobule as big as a walnut 
had been converted into a cheesy Inmp. and lay. quite free, in a 
cnvitj- of correfqwnding size, which was lined with a pyogenic 
membrane ; the afferent bronchus, with the vessels, forming a 
pedicle by which it still continued attached. Beside it was a 
second cheesj' lump of equal size, in an earlier stage of the 
same sequestrating process. 

!? 442. Seconih.y, and far more usually, the suppurative 
sequestration does not take place until the zone of softening of 
the checsj' nodule approaches the circumference of the lobule; it 
seems as though the dormant activity of the connective tissue 
were first excited by the trifling putrefactive changes on the 
idcerated surface, alluded to above. Reddish, highly- vascular 
granulations begin to sprout here and there from the walls of the 
cavity: and, where the cheesy matter has wholly disappeared, 
we can see that these granulations belong to a pyogenic mem- 
brane with which the entire cavity is lined, The latter vields a 
thick purulent secretion, and is vcrj- often the seat of small 
pnrenciyraatous hfcmorrhag^s, which may he readily explained 
by the softness of the grnnulation-tissue, the thinness of the 
capillary walls, and the persistence of thecompensntoryhvpors- 
mia. The hemorrhages leave a residue of brown and black pig- 
ment, often imparting a very singular appearance to the mem- 
brane. Notwithstanding aU this, the membrane possesses all 

1 the collection of the Pa11ioln(.'i«il 
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the virtuos of a now roxrnrv. rr>i:x^ m thecouneof repair by 
the second intontioa : tl^r rierv :< no doubt tbat hx its further 
motamorphcvsis into a £br^::d cicatrix, the caTitT may be com- 
pletely healed — and :hc jvaritr: aIso— provided he be fortunate 
enough to pi.>s^5C5s or.ly :b.:> or.;" cttvity. As a role, indeed, the 
lung contain < morv thiir. czc <sx*}: cavity, and a number of 
choosy dopojsits in advi::: :-r.. >o tfciS the progress of the disease is 
more than sufficiently prv^vidod i>r. The foimation of several 
vomiciV notir one another gt vc« rise to ccmplkated excavations, 
the intervening septa Ivirg w-om away till nothing is left of 
them beyond the larger vesselsw In very protracted cases of 
phthisis, the whv>lo upjvr loNe c :' oce lung, or at aU events its 
upper half, is ot'ien cv"^nvvr:c\5 into a s£::gle lar^ cavity, traversed 
bv the oMitenitod branches ct rho ruhnooarv arterv. Tkecavit^- 
is lined bv a ctov pvo^cnic siombnne, which is r^ected over 
the ves«*K :md is onlv :n:crrjT*T<d here and there bv more 
recent, red granulations, or Vy residua! shreds of cheesy paren- 
ch\'ma. 

§ 44--K Pulmonary phthisis rT>reen:s us with a third and 
vorv niro set of ana:oni;ciL! Avrvannc^es* when the reactive 
inflammation of the interlobular septa sets in early, taking the 
form of a hjivrplasric p:v^!ifer:&ti>^r. o: cosmeetive tissue. Broad 
bands of tibn^id tissue are rViind :r:ivcr^£ng the entire organ ; 
they are ov^ntinuous with the thtckcntxi puInKnaiy pleura on the 
one hand, with the |vnbr\>nchiA! and r>L^rtv:iseular sheaths on the 
other. Evorv cavit v remains indcr^^ndc nt v>f the rest : and wbm 
the alveolar parettch\"ma ha# wholly disappeared, we find in its 
place a number of c\^nx|virativc!y stnal! cavities, each fined with a 
smcH^th pyogenic mombr^mc. and <ifparated 6vim its neighbours 
by a thick partition of tbreivi ti>*i:c. The laiwr brenchi are 
usually found dilated and hyrvrtrv^phiod : a"* that I cannot hdp 
suspecting that this is one of the rare cases in which a hyper- 
trophic brenchioctasv is seccndarllv ccniiCicated bv catarrhal 
innamnTAtion and cascxition. 

$ -t*4. Foi KTKi Y and lastly, wc must rerum once more to 
acute phthisis P-.v *\ ,<-•::". P-o rapid disintegntian of 
the cheesy foci which oivnr? in this ririoty of phthisis, results 
fr^-m a szijpurative liqnetaction of all the ccsmectve tissue situ- 
ated in the interior rf the depc^at : a suppurative UqnefiKtion 
^h5ch sets in early enough to convert the major pait of die 
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xlTeokr pai-eschyma into a fluid — iuto pus — before the aetuul 
necrobiosis sets in; thus preparing the way for the softening 
which is about to ensue. This ia the Tariety known as " pumlent- 
lilcentfive" {eitng-ukei-ative) to those who recognise the liquef no- 
tion of the cheesy deposit as a true abscess-formation. The 
further course of the disorder tends to j ustify this way of looking 
ut it ; the foci of softening, when they happen to be situated near 
the surface of the lung, not unfrequently burst into the pleural 
Boc just like other abscesses, instead of voiding their contents 
through the aiferent bronchi. A diffuse pleuritis with a copious 
purulent exudation forthwith ensues ; should the cavity happen 
to communicate n-ith the ufi'erent bi-onchus likewise, the occur- 
rence of pyopneumothorax is inevitable. I ought, however, to 
add that rupture into the pleural sac is a catastrophe which is 
always imminent in the case of ordinary vomicae oa well^a 
catastrophe which is only prevented by the previous occurrence 
of adhesive inSammution between the costal and the pulmonary 
pleunr. 

§ 445. Pri.MojJARV coN-cRETioss. I have hitherto alluded 
only to the aoftening of the cheesy lumps, by far the most com- 
mon and important of the metamorphoses to which they are 
liable. The possible occiii'rence of calcitication is merely an 
interesting curiosity in comparison. It is only when the cheesy 
nodules are small, that any further metamorphosis, especi- 
ally softening, is absolutely prevented by an abundant deposit 
of calcic phosphate and carbonate — by a process oi' real petrifac- 
tion. It is in this way that pulmonarj' concretions {cak-iiU piiJ- 
wiowaA'i*) originate; hard bodies from the size of a split pea down- 
wards, with their surface either smooth, or beautifully lobulutod 
like a mulbeny. There are per.sons who suffer from frequent 
attacks of bronchial catarrh, and who now and then bring up 
tt considerable number of these pulmonary concretions; their 
expulsion being attended by an exacerbation of febrile sjinptoms. 
It is obvious that the expulsion of these calculi can only be due 
to a sequestrating suppuration which they, as foreign bodies, excite 
around them. Another necessary condition for their removal is 
the simultaneous perforation of a bronchus of adequate size ; for 
microscopical investigation affords conclusive proof that the con- 
retions voided in phthkis cakulona are cheesy lobules of puhno- 
wy tissue impregnated with ^calcareous matter. The elastic 
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with masses of adherent corpuscles, which are, in all probability, 
descended from the corpuscular elements of the vascular wall 
itself.* The vessel here depicted has of course been torn from 
its natural connexions ; we must imagine its environment to have 
been in a similar state of luxuriant proliferation. 

§ 449. No catarrhal complication is to be observed in the 
alveoli adjoining the tubercles here figured (fig. 131, A) ; but I 
must add that such a complication is very usual, and that it 
often doubles the size of the miliary nodule. The combination 
of disseminated tuberculosis with a diffiise, perhaps even lobar, 
catarrhal pneumonia, is also met with; the tuberculosis may 
then be regarded as the predisposing cause of the inflammation. 

§ 450. Having thus given an adequate definition of what 
may legitimately be called "tubercle" in the lungs, we may 
proceed to discuss the question, What share has tuberculosis in 
pulmonary phthisis ? Mention has already been made of the fact 
that, owing to an insufficient limitation of the term " tubercle," 
phthisis and tuberculosis of the limgs have long been regarded 
as identical. We must beware, however, of running into the 
opposite extreme, and restricting the domain of tuberculosis 
within too narrow limits. Rather ought we to inquire, carefully 
and circumspectly, with which of the anatomical varieties of 
pulmonary phthisis (enumerated in § 433 et scqq.), a simul- 
taneous development of miliary tubercles is found to be asso- 
ciated. A long series of special investigations has led me to the 
conclusion that it is only in a relatively small proportion of 
cases that miliar}^ tuberculosis is wholly absent. I failed to 
discover it in two cases of cheesy infiltration running a rapid 
course with the formation of multiple foci of softening {Phthisis 
flarida) ; I failed to discover it in the few cases of phthisis 
secondary to measles which came under my observation, par- 
ticularly in one instance, where all the bronchioles of a certain 
(though not of the very lowest) order were in a state of ulcera- 
tive dilatation, and immediately surroimded by caseous pneu- 
monia; simulating thereby the appearances of a imiformly 
disseminated miliary tuberculosis. As regards the remaining 

* (khnkevnC$ reBearches (Virchow's Arcliiv 40, p. 1) to which I shidl 
return when describing croupous inflammation, allow us to regaixl 
these elements also as colourless corpuscles which have emigrated from 
the blood. 
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one to twenty per square inch, either of supei-ficial or of sectional 
area. As for tlie size of the inilinduul nodules, this Is un- 
doubtedly liable to great variations; in some cases they are 
barely vifiible, or even quit« undistinguisliable by the unaided 
eye ; in others, they attain the size of a stout pin's head, or even 
of a hemp-seed. The larger the nodule, the more likely is 
the actual tubercle to be surrounded by a circumscribed zone of 
purenchyma in a state of catarrhul inBammation, a circumstance 
to which we thul l hare to aEudc liereafter. 

§ 448. Those disseminated tubercles are situated in the con- 
nective tissue of the lungs. In single instances (Beichlcr), the 
miliary nodules are exclusively developed in the sheaths of the 
minute arteries and veins ; more commonly, they spring up in 
the connective tissue between the lobules and infiindibula. In 
texture, these nodules exactlj' resemble those which are simul- 
taneously produced in other organs, such as the omentum or the 
pia mater. The larger ones may usually be shown to have been 
developed from several centres (fig. 131); i.e. they exhibit 
certain points in their interior, round which a portion of the 
tubercle-cclla are concentrically g;rouped, while the remainder 
form bands which course between the component nodules. Al 
the peripherj' of the tubereles, the swollen condition of the 
alveolar septa at their junction with the nodules, arrests our 
attention. It is clear that the process of morbid gi'owth, when 
we are fortunate enough to detect it in mid-career, advances, not 
by an infiltration of the alveoli themselves, but by a swelling of 
their walls. The alveoli, unles.^* matters are complicated by u 
catarrhal inflammation, arc merely distorted and blocked iqj by 
the projection of the tubercles into their interior. In a tubercle 
a.'i large u.s that which I have figured, a cei'tain numbei- of alveoli 
may indeed be obliterated ; but their obhteration, and the conse- 
quent exclusion of air is accidental, and not, as in catarrhal 
inflammation, the main feature of the morbid change- 
On examining the broad junctions between the alveolar septa 
and the tubercle — the little feet, so to say, which the growing 
I sodulc puts oat — we invariably find the perivascular con- 
l nective tissue — nay, even the walls of the vessels themseh-es — 
inganactivepart in the proliferation. Fig. 131,5, shows this 
rcry beautifully ; it is borrowed from Colberg. "We see all the 
kpiUariee given off by an arteriole of considerable size, covered 
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the immediate neighbourhood of, sometimes scattered through, 
the base and edges of the ulcer which derives its name firom 
them (Intestine, Larynx) ; thus pLiying the part of a somewhat 
enigmatical complication, regarding whose connexion with the 
destructive process nothing is certainly known. In marked con- 
trast to the disseminated variety of miliary tuberculosis, such a 
mode of occurrence as this deserves to be called localised 
Ti BERcuLOSis. In the lungs, moreover, we are able to distin- 
guish broadly between two forms of localised tubercidosis. 

§ 451. In by far the majority of cases, we find a small 
nimiber of very characteristic miliary nodules associated with 
the broncho-pneumonic deposits described in § 433 as " pseudo- 
tuberculous" (tubercular granulations oi Laenncc), An assidu- 
ous search will nearly always be rewarded by the discovery of 
the specific products, though sometimes in scanty nimiber, in the 
interstitial or the parenchymatous connective tissue, or upon the 
vessels, or on the pleura and its inflammatory efflorescences, or, 
finull}% on the mucous lining of the bronchi. Of late years a 
theory has been gaining groimd, according to which these 
tubercles are the result of a local infection by the cheesy matter 
in the focus of inflammation. Now although we are still in the 
dark concerning the mechanism of this infection — for the hypo- 
thesis of embolism cannot be entertained for a moment, since the 
vessels on which the tubercles are developed are not foimd to be 
plugged at those points, and since it can be proved that any 
narrowing of the vessel is solely due to pressure from without, 
never to plugging — although, I repeat, the rationale of this in- 
fection is still under discussion, the hj'pothcsis itself seems to me 
a highly plausible one. The favourable view I take of it is 
groimded partly on the recent experiments of Hoffman^ Lebert 
and WyfiSy Klebs, Cohnheim and others, who have succeeded in pro- 
ducing something at any rate very like tubercle by the inocidation 
of cheesy matter, partly on the frequent occurrence of miliary 
tubercles in the neighbourhood of solitary lumps of cheesy 
matter in the lungs, or of cheesy glands in the mediastinum or 
mesentery. A case fell under my notice quite lately, in which 
a child, whose organs were otherwise absolutely free from any 
trace of tubercle, presented miliary nodides in considerable 
numbers upon the pleural investment of the right limg, as well 
as on the corresponding surface of the costal pleura. Those on 
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the pulmonary pleura were most crowded towards the lower 
border of the upper lobe, converging towards a thick, somewhat 
stellate patch I}^g just over an old chees^' deposit in the interior 
of the upper lobe, which hod undergone softening ut its centre, 
while the remainder of the lung was still quite healthy. These 
appearances very naturally suggested that the tubercles were a 
eecoudury product, due to metastasis irora the old inflammatory 
deposit, roimd which the little uodulea were so exclusively 
aggregated. But if we go on to inquire how the infection of 
the cmttil pleura was brought about, no one is likely to suppose 
a transfer of material particles to have taken plaee through the 
blood -^e»sela ; on the contrary, it must be admitted on all hiinds, 
that the infection must needs have been propagJited by contact 
with the already diseased pulmonary pleura. 

§ 452. It is with much less confidence that I next proceed 
to enumerate among the varieties of "localised tuberculoais," u 
process which certainly presents, more than any other, the 
Uliked-eye characters of a dense aggregation of miliary nodules, 
and which, though undoubtedly distinct from catorrbul pneu- 
monia, presents so many features of u nun- tuberculous character 
in its minute structure, that I am inclined to hesitate before 
giving it a name. 

In the immediate neighbourhood of a large cavity occupy- 
ing tho apex of ono lung, we very- often find an enonuous 
number of nodules of uniform, and literally "' miliary " dimen- 
sions, embedded in a poreuchj'ma otherwise but little altered ; 
these nodules are very tough and elastic, of a greyish, trans- 
lucent colour which passes into a whiter tint at their centre. 
Should the section be a happv one, we further notice that the 
nodules are not scattered irregularly through the tissue, but 
according to a certain definite order, e.g. in bruncbtng lines, or 
in lines radiating from a central jHtint where the nodules arc 
most thickly set. The alveoli iji the affected area are not tilled 
up ; tho septa participate to some extent in the morbid gi'owth. 
with which they blend ; upon the whole, however, the paren- 
lyma is rather squeezed, deprived of blood, and obliterated, 
subjected to any of the various modes of decay alluded to 
1 ; the tissue may even bo shown to contain air imtil the 
deposit of nodules monopolises all the available space. This 
brings about a condition which cannot indeed be called an 
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lymphatic cltaracter are seen alternating vith epithelioid fonns of 
larger size, abundantly Aimiflhed with protoplann — mch indeed 
ns Te habitually meet with in miliary taberclee ftbo. In &iify 
nfaarp contrast to this radiating nncleoB, is a periphenl Isyer 
whose elements are disposed oonoentricaUy. Una is qtiite as 
thick as the first, bnt does not consist exclnsiTely of oellt, con- 
taining in addition, at least an equal quantity of homogeaeouB 
basis- Bobetonce. The lamellar dispositicn of die latter, together 
with a oorrespondmg arrangement of tiie curpuacular elements 




A lympluijc tcsmI affected bj Lympluiiigttu tvberealmi, seen 
in transverse Kction. I. Lumen of & vewel whick U not 
08 yet much altered ; a. Alveolar septa at their origin 
from the degenerated lobular geptiim. 

which it contains, gives rise to the eoncentric appearance already 
rrferred to ; here too, each little row of from two to aeren 
cells, may be h/AA to represmt the progeny of a pre-existing 
oonnectiTe-tissae corpuscle, though of course we cannot affirm 
this as confidently as in the case of prolifierating cartilage. 

To get a good view of t^e qtpearsnces jnst described, it is 
necessary to cat very thin sections (according to the method laid 
down in § 365, note), employing, if possible, such nodules as ore 
still isolated in the connectiTc tissue of the septa. It is in these 
ibai we are first aUe to trace the connexion of the central lumen 
with a comparativdy utaliered lymphatic Inmk; here too, 
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we can beat observe the earliest stages in the development 
of the nodole. For the condition which I have described above 
lasts bat a little while, A peculiar sclerosis of the central 
substance very speedily sets in, starting from one point or from 
several points at once, and obscuring the nucleus to such a de- 
gree as to render any discrimination of the individual cells 
utterly impracticable. True, the connective tissue of the cortical 
layer grows all the more distinct both in its texture and it.s 
composition ; but then ifs nature has never been called in 
question. The issue rests upon our interpretation of the grey 
central opacity. Having got at the true nature of the process, 
what name shall we give it ? We are not justified in going 
beyond the limits of a " l^vmpbaagitis nodosa," Should we 
odd the epithet "tuberculosa," we should have to adopt the 
following train of reasoning : the miliary tubercle originates 
ill the connective tissue ; wherever the connective tissue happens 
to have a free surface, coated 4vith an endothelium, the tubercle 
originates by preference from a proliferation of this endothelium. 
The miliarj' tubercle of the omentum (g 283, fig. lOS) aifords 
the best proof of tliis. But the epithelial cells which line the 
lymphatics, as well as those of the serous membranen, belong to 
the ciiU'gory of endothelia; and an, moreover, the corpuscles 
resemble tubcrcle-eells in foim, we may regard /t/mjififi!ii;/tin 
itodom as a mere local modification of the ordinary development 
of tiibercles. 



% 



3. Pleuhogenic Pneumonia. 



5 4o5. Among the numerous combinationfl of pleurisy with 
pneumonia, it is not always easy to decide which is the primary, 
and which the secondary phenomenon. For the most part, the 
pleuritic infiammation is secondary to that of the pulmonary 
parenchyma. Thus we find pyajmie pleurisy resulting i'rom 
embolic pneumonia; thus caseous pneumonia a ud tuberculosis 
nearly always excite acute and chronic pleurisy by way of com- 
plication ; thus croupous pneumonia owes its old name of 
" pleuro-pneumonia " to the circumstance that when the disease 
has ctdminated in yellow hepatisation, a thin layer of lymph is 
almost always found upon the surface of the affected lobe, 
giving rise to the characteristic friction-sound heard over the 
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thoracic walls. The converse is much less common. When 
discussing inflammation of the serous membranes, I made no 
allusion to the trifling fact that the outermost infimdibula, those 
immediately beneath the inflamed pleura, are very commonly 
found occupied by a fibrinous exudation during pleurisy. This 
exudation undergoes resolution subsequently, not complicating 
the course of the disease any more than the slight pleurisy 
which accompanies croupous pneumonia complicates the latter 
disorder. In fact, it is only in the case of what is known as 
Pneumonia dissecans that we meet with an instance, and that 
on a very large scale, of the propagation of pleuritic inflam- 
mation to the lung. Pneumonia dissecans is an exceedingly 
rare disease in the human subject; it is more common in 
cattle, forming the anatomical groundwork of epidemic pleuro- 
pneumonia. 

§ 456. Pneumonia dissecans is a suppurative inflammation 
— ^a suppurative liquefaction — of the septa of connective tissue 
which unite the great lobular divisions of the lung with one 
another. Their conversion into pus necessarily leads to a 
separation of the pulmonary lobxdes into their constituent 
parts; hence its very characteristic name. Even with the 
naked eye we can usually assure ourselves that it is the 
lymphatics passing from the pleural surface to the root of 
the lung through the septa, which are answerable for the ex- 
tension of these inflammatory changes. If we strip off the 
pleuritic exudation from the surface of the lung, where it often 
forms a massive layer of purulent matter, we may see the lym- 
phatic network distended by, and bathed in pus, encircling 
the secondary lobules with yellowish- white, varicose threads, 
and stretching downwards along the sides of the larger lobes, 
which have already become separated from one another. The 
dissection of the hmg into its constituent lobes may be more or 
less completely carried out ; as a rule, however, the fatal issue i& 
so speedily arrived at, that the separation is only partially effected, 
or perhaps only indicated. We often find the septa infiltrated 
and brawny, and streaked here and there with pus; their 
thickness being accordingly increased to three or four times its 
normal standard. 
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4. Diseases caused by the Inhalation of Dust. 

S 457. It is only witliin tlio last ten years that it has been 
incontestably established, that particles of dust, suspended in the 
air we breathe, may penetrate from the bronchi and alveoli into 
the substance of the lungs, where they may either remain per- 
manently embedded, or else be carried with the stream of lymph 
to the lymphatic glands at the root of the lung, where they are 
finally deposited. This series of phenomena had been suspected 
long before ; the English physiciaiif', above all, had explained 
the black lungs of theii" colliers on this theory ; in Germany, 
on the other hand, it was opposed ; and the opposition, led by 
Virckoic and Hasac, has had at least one good result ; it has 
compelled us to admit the possibility of an " autochthonous " 
origin of pulmonary pigment, besides its introduction into the 
lungs by inhalation ; in the former case, it is derived from 
altered ha^matin ; and this undoubtedly brings us nearer to the 
truth than if we wore, with unjustifiable narrowness, Xo recog- 
nise only one possible mode of origin. 

At that time I waa myself employed in the Pathological 
Institute at Berlin, and took an active part in the minute inves- 
tigation of that very specimen of black Iimg, whieh was furnished 
to the post-mortem theatre in the year 1860 from the clinical 
wards of Professor Ti-aiihr, and in which the microscopic 
appearances of the inhaled particles of charcoal could be 
recognised beyond all possibility of cavil. Since then, the great 
object of all inquiries has been to ascertain the extent to which 
this fact, whose existenccwas thus established, might be applied ; 
in the solution of this problem, Zenker has taken a leading pari. 
At the present day, we distinguish between the folloiviug 
varieties of P>'Ei:M0KOSioais (disease due to the inhalation of 
dust). 

S 458. — 1. AsTURACOsis (inhalation of coal-dust), A great 
part of the black pigment which progressively accumulates in 
our respiratory organs with advancing age, seems really to 
consist of the carbonaceous matters we have inhaled. These 
are usually derived from the incomplete o.\idation of wood, peat, 
coal, illuminating products and other combustible substances ; 
suspended in the atmosphere as soot or smoke, they accompany 

VOL. 11. 
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the air into the respiratory passages, to whose moist walls they 
cling. The ultimate destiny of these exceedingly minute par- 
ticles varies with the point at which they are arrested. Wherever 
the bronchial mucous membrane is lined with ciliated epithelium, 
the pigmentary particles cannot penetrate into the parenchyma. 
Together with the mucus that arrests them, they are propelled 
towardjs the glottis and ultimately got rid of, partly by the 
gradual operation of the cilia, partly by sudden e£Ebrts of cotu^ir 
ing. K we separate the jaws of a frog, and sprinkle coal-dust 
over the upper wall of its pharynx, which is lined with ciliated 
epithelium, we may observe the forward movement of the black 
granules even with the naked eye ; the phenomenon occurs in 
preoifiely the same way upon the mucous membrane of the respi- 
ratory tract in the human subject : so that when the son of the 
Muses finds his sputum "dirty" on the morning after a drink- 
ing-bout, he may console himself by recognising in this Uack 
matter, a portion of the lamp-black, &c., inhaled on the previous 
evening, which has been conveyed into his trachea daring the 
night by ciliary movement, and made ready for expectoration. 
On examining such sputa under the microscope, we find most of 
the little black granules enclosed in round cells. The cells of 
the sputum, also known as mucus-corpuscles, are destitute of a 
membrane ; and they have occupied the interval in taking up 
some of the solid particles (deposited in the mucus which 
siUTOunds them), following in this the analog}' of the colourless 
blood-corpuscles. 

Very different is the fate of those carbonaceous particles 
which have made their way into the alveolar parenchyma. 
Here of course, there is neither secretion of mucus, nor ciliary 
motion. The carbonaceous particles therefore remain provisionally 
quiescent, and afterwards penetrate into the soft tissue. To the 
question, how is this possible ? where are the propelling forces ? 
I would answer by directing the reader's attention in the first 
place to the great difficulty or even the impossibility of the 
solid particles being set free, after they have once stuck to the 
alveolar walL Further, the great hardness and angularity 
which characterise the finest particles as well as the larger frag- 
ments of charcoal, render them peculiarly fitted for penetrating 
the soft tissues of the body, should the least impulse be com- 
municated to them from any side. No sooner therefore have 
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jillio particles of oharoonl-dnst entered the actual parencliyma of 
} the lung, than they follow the general current of the extra- 
Toscular nutrient fluid, togetherw-ith which they tend ultimately 
to reach the lymphatic vessels. On their way, they must occu- 
aionuUy meet with corpuscular elements which have the power 
of permanently adopting small solid jiarticles into their pro- 
^ toplasm. Foremost among such elements are the etcllatc 
eorpu8cles of the connective tissue ; next, the migratory amoe- 
boid cells which are found in the connective tissue of the lunga 
as well as elsewhere, mid wbicli carry the black pigment with 
thein wherever they may go. The residual portion, that which 
escapes being arrested by cells on its way to the Ipnphaties, is 
carried to the root of the lung and enters the lymphatic glands 
of tho mediastinum. -Vnd here tho granules meet with an 
iiisuiiorable obstacle to their farther progress ; for the countless 
lymph-corpuscles with which the glands are stored, are ready 
t« take up as many of the charcoul-purricles as can, by any 
pcwibilitj-, be accommodated in their protoplasm. 

S 459. This, of course, is only a tlieorelioal view of the 
proljiihli' path of those carbonaceous [Mrticles which have 
[tenotruted as far as the alveohir parenchj'ma ; but it is a 
view which agrees very closely with the actual distribution of 
the black pigment in tho Iimgs. If we begin by inspecting 
tho pulmonaiy Burface in an individual of advanced age, we 
see the boundaries of adjoining lobules marked out by block 
lines and spots : a i<implo hand-lens enables us to trace finer 
ramifications penefroting from these lines and spots into tho 
interior of the lobule and us far as tiio infundibular septa. In 
transverse sections, the accumulation ol' pigment is most appa- 
rent in the peribronchial and perivascular connective tissue. 
This mode of distribution corresponds pretty closely to that oi' 
the Ij-mphatica, which originate in the infimdibular septa, 
while the larger branches unite in the intcrlobuLir septa to 
form a network, which drains, partly into the pleural, partly 
into tho peribronchial and perivascular lymph-paths. The pig- 
ment appears therefore to be chiefly deposited upon the brink of 
tie lymph-stream. Microscopic cxaniinafion enables us to see 
(wherever the pigmentation is least dense) the prominent shr 
taken by the stellate corpuscles of the! connective tissue 
ubsorbing the pigment ; while the larger lymph-paths are 
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usually masked by an opaque cloud of black granules, which 
conceal all trace of structure. 

§ 460. The pigmentation of the Ij-mphatic glands at the 
root of the lung is directly proportionate to that of the lungs 
themselves. Here too, we may see that the colouring-matter 
is first deposited on the very brink of the lymph-stream. For 
there exists a stage in the pigmentation of the lymphatic glands, 
during which only the capsule, the lymph-sinuses which sur- 
round the terminal nodules (Endkolben) and the medullar^" 
substance, are stained. These conditions render the structure of 
the glands exquisitely apparent even to the naked eye ; on more 
minute investigation we find the black granxJes situated partly 
in the delicate corpuscular networks which traverse the lymph- 
sinus, partly in a zone of lymph-corpuscles of varying width 
which fringes the sinus. At a later period, the pigment pene- 
trates into every part of the gland as well; all appearance 
of structure vanishes, giving place to a imiform deep-black 
staining, which is associated with a moderate enlargement of the 
gland. A still more advanced stage of the metamorphosis will 
be described in the ensuing section. 

§ 461. From the above form of anthracosis, which may 
almost be termed physiological, it is but a step to the anthra- 
cosis of coal-heavers and colliers. The coal in this instance 
makes its way into the air-passages, not only in the form of 
fine dust, but also in coarser and even tolerably large particles, 
readily apparent to the naked eye. In the juice squeezed fix)m the 
parenchyma of Trauhe^s limg (alluded to above), I found one of 
the " dotted cells " of coniferous wood entirely carbonised, but 
in which I was able to count seven pores close together. This 
particle of charcoal-dust equalled half the diameter of an alveolus. 
Of course, particles of this size do not penetrate into the paren- 
chyma of the lung ; sooner or later they are always expelled 
with the sputa. Nevertheless, the particles which actually suc- 
ceed in penetrating the tissues are considerably larger than those 
in the common form of black limg ; they exhibit very distinctly 
the sharp and angular projections which render them so apt for 
penetration. Splinters of wood-charcoal are especially character- 
ised by possessing thorny processes, and by their singular colour, 
which appears ruby-red in thin layers by transmitted light. The 
pulmonary parenchyma is uniformly saturated with this pigment.. 
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'Every layer of connective tissue, in the ulvcolar and infundibular, 
us well U8 in the interlobular septa, contains n central deposit of 
fharcoal-particlca of considei-uble size, fringed by a scimtiei' accu- 
iiiulution lit its odgca {tig. 133). All the cells, wliether round, 
fetellate, or spindle-slmpod, are loaded with fine black granules ; 
hero and there we come across a particle of larger size embedded 
iu the substance of a small round cell ; these are most common 
in the sputuni. 

It is obvious that an importutcon of foreign bodies (which 
must give rise at the very least to mechanical irritation), and 

. that in such quantities, cannot but have the most injuiious effect 




liillitk-.! lmIhIusI in the :ilv. 
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' «pOu the respiratory oi-guns. Accordingly wo fiiid it followed 
in some coses by bronchial catarrh with muco-puruleut expecto- 
ration, leading to emphysema ; more rarely, it set^i up changes 
of au iufiammatory kind in tlie parenchyma, which are still in 
need of more thorough investigation. Older observers {Thoiimoii, 
1826) describe partial cousolidatioiis of the lung-tissue, with the 
formation of small cavities filled with an inky fluid ; roughly 
speuJcing, therefore, lobular catarrhal pneumonia with imminent 
fugns of passing into phthisis. 

The bronchial glands are also much involved in the unfhra- 
HLoeiB of colliers; and here the inflammatory reaction of the 
^Mtrenchyma commonly attains very marked proportions. I 
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have twice seen the ordinar}^ physiological anthracosifi followed 
by suppuration in a gland, which afterwards opened into a 
main bronchus; this complication is more common in the 
anthracosis of colliers. An almost invai^ble phenomenon is a 
gradual thickening and condensation of the connective tissue in 
the affected gland, which gradually but surely entails its total 
obsolescence. Not only does the capsule become thickened, but 
the delicate trabecuhc which bridge over the lymph-sinuses 
and support the lymphatic tubes and follicles, also undergo 
sclerosis. The lymph-corpuscles are broken down; and iilti- 
mately nothing is left but a mass of fibrillar connective tissue 
whose concentric arrangement serves as a memorial of the 
globular structure of the original alveoli. 

§ 462. — 2. SiDEROsis. Inhalation of ferruginous dust. First 
obser^^ed by Zenker in workmen having much to do with hand- 
ling ferric oxide (English red) ; e.g. in glass-polishers, dyers, 
makers of gilt-paper bags, &c. The inhaled dust is an 
exceedingly fine powder of a bright reddish-brown colour. 
To obtain a perfectly accurate idea of the state of the ferru- 
ginous lung, it is only necessary, as Zenker remarks, to sub- 
stitute the word " red " for " black '' in the description of the 
microscopic and naked-eye appearances of the collier's lung ; 
and in the drawing (fig. 133) to substitute red particles for the 
carbonaceous dust, red particles of [smaller average size, and of 
very uniform dimensions. 

The consecutive changes consist partly in a catarrhal dis- 
order of the bronchial mucous membrane, partly in certain 
multiple, lobular affections, which are termed by Zenker " indu- 
rative interstitial consolidations." An overgrowth of the inter- 
stitial connective tissue '^obliterates the elastic tissue while 
sparing a vessel here and there, and leads at the same time, in 
some way not yet understood, to obliteration of the alveolar 
cavities, substituting a solid fibroid tissue for the spongy texture 
of the lung." Scattered throughout the entire organ we accord- 
ingly find greyish, transparent nodules, tough and rounded, 
varying in size from a pin's head to a pea, more or less closely 
aggregated, which clearly represent the starting-point of an 
excavation which is taking place simultaneously. To my mind, 
these appearances agree too closely with those of the variety of 
'' localised tuberculosis " described in § 452, to allow of my 
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Wgurding the coincidence as merely uccidontal ; bul I have nu 
rieh to interfei-e in any way with the independent judgment ot 
■iny readers. 

3. Concerning the inhalation of other kinds of dust, and 
K'cially of flint- dust, our knowledge ia still very imperfect. 
^usxnmiil and Schmidt found, after incinerating the lunge of a 
me-cutter, that the ush contained three times as much siHcu 
e Qsnal. 

a. Croupous Pneumokia. 

§ 463. Croupous I'neumonia is one of the most common of 
e disea^ea which ufibct the lungs ; its s'^'mptoms, itt^ coureo, its 
! therefore ven^ well known ; and yet we are mon- 
ronint of its etiologj- tlian of that of any of its iellows. For 
ifaough scvpiiil moRt trustworthy observations enalde iis to put 
n cold as its usual cause, this gives ub no insight into the mode 
in which thu chill operates. For what has partial chilling of 
the skin to do with Ihc inflammation of an internal organ? 

f term " croupous pneumonia," which is now univeraoliy 

lopted, and which has taken the place of the older names, such 

" peripneumonia," has its origin in the verj' obvious analogies 

liich the disease presents to croup of the larynx and the trachea. 

1 either cuae, a solid tihrinous exudation is deposited on the 

?cted surface ; in the latter, oai a mucous membrane ; iu 

' ike former, upon the alveolar and infundibular sm'face. Thf 

intermediate part of the reqjiratory tract, the larger and smaller 

bronchi, may be involved both in the laryngeal and in the paren- 

chjTnutoUB variety of croup. The tibrinuus exudation usuaUy 

forms eolid cylinders (solid because of the narrow calibre of the 

tuboa), which bifurcate repeatedly, con-esponding to the bif'urcu- 

tions of the bronchi, and which retain their arbore«oent and 

branching form when they are expectorated. It ia eclf-eridonl 

that this croupous bronchitis presonts a high degree of clinical 

interest only when associated with laryngeal croup ; while iu the 

porenehymutoua disorder, it matters little whether the bronchi do 

or do not admit air into a parenchyma which is, in any case, 

capable of fulfilling its respiratory function. Croupous exu- 

itions nre sometimes, though very rarely, confined to 

Ridii. A young man in the neighbourhood of Ziirioh 
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fered for several consecutive years from a disease attended by 
febrile disturbance and extreme dyspna3ay which used to termi- 
nate by the expectoration of a large number of bronchial casts. 
Those which I received for examination must have come from 
bronchi of medium size. Of course the prognosis in this case 
depended on the degree to which the process extended on each 
occasion. (Cf. Biemier in Virc/iaic's Handb. der speciellen 
Pathol, u. Therapie, i. Abth. p. 714.) But this is a digression. 

§ 464. The oldest theory of pneumonia held it to consist in 
a swelling of the parenchyma. It was based on the roughest 
appreciation of the changes which had occurred, without any 
misgiving that they were situated less in the parenchyma than 
in the cavities which it enclosed. Laelim dc Fonte compared 
the inflamed lung, mainly on the ground of its consistency, 
perhaps too on account of its colour, to liver, terming its state 
, one of *' hepatisation." He was thus the founder of our present 
nomenclature. We go beyond him however, in distinguishing 
between a red and a yellow hepatisation, adding a preliminary 
stage to these two principal stages of the inflammation (stage 
of congestion, engoncnicnt)^ and a terminal stage (that of puru- 
lent infiltration and resolution). 

Croupous pneumonia aflbrds the most brilliant and precise 
example of the way in which a histological series, whose in- 
dividual members are necessarily evolved from one another in 
a certain order, can be made to explain on the one hand the 
naked-eye alterations in an organ, while on the other it eluci- 
dates the physical signs and functional disturbances to which 
the disease gives rise. We will try to follow out this proposition 
in detail by supplementing our account of the " histology *' of 
each successive stage by a statement of the concomitant phe- 
nomena in those categories, which are, for our purpose, of 
subordinate importance. 

§ 465. First stage. Congestion. All the vessels of a large 
segment of the lung (usually of an entire lobe) are gorged with 
blood. Fine sections from small pieces hardened in Muller*s 
solution and then in alcohol, show the surprisingly turgid 
and tortuous condition of the capillaries. They beUy into the 
interior of the alveoli, which they visibly narrow. The sub- 
sequent exudation and extravasation are ushered in by the 
eflFusion of a viscid fluid, rich in albumen. Here and there, 
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■ticularly in the interlobular and the subplcural connective 
ininiiU) piinctifonu lia;morrliuges are already seen to have 
•.cuired. 
The affected part of the lung is rccoguified by its red eoloui- ; 
appi-et-iates a marked loas of elasticity, an increahed 
less, dcnsitj- and weight, due to its containing leas air 
iBual. ^ATiat air it stQl contains may be squeezed to and 
fro, the viscid fluid above refeiTed to preventing its escape. 
Both the inspiratoiy and the expiratory efforts are opposed by 
this fluid, as is shown by the fine crepitation heard over 
the thoi-ucic wall; functionally, tho affected part is, even at this* 
ige, as good as non-existent; and inasmuch us the patient is 
it yet habituated to the vicarious employment of the liealthy 
residue of his respiratory organ, the dyapno^, and whatever 
subjective sjTnptoms are associated with it, are already most 
intense. 

§ 466. SEcosn stvre. IIkd IIkpatisatios. Some of the 
constituents of the hlood escape fi-om the turgid capillai-ies. 
Red and white corpuscles and liquor sanguinis arc set fiee on 
the inner surface of the iufundibula and tho alveoli ; the 
Lgulation of the fibrin unites thein into a solid mass, the 
pneumonic cxudatiou," which completely fills the alveolar 
cavitiejs. Since Iffiireff''< great diseovcrj' of the continuity of 
the vascular wallw throughout the body, pathologists have always 
hud some difficulty- in finding u safisfaL'toiy explanation of cer- 
tain phenomena in the domain of ha:'morrhage and exudation, 
which do not appear to agree vei^' well with the above principle. 
Foremost among these stands the pneumonic exudation. A bit 
ofreccntlyhepatisedlung, injectcdfrom the pulmonai-y artery with 
gelatine and Pmssian blue, is haidcned, and then cut up into fine 
sections. In these sections (fig. l-H), tho alveolar walla exhibit 
pi-ecisely the same appearances as in a perfectly sound lung (a) ; 
we see the same scanty number of intervuscular and capillary 
nuclei, the same superficial layer of scattered, i-udinienfary nuclei 
which we regard as the residue of the alveolar epithelium, all in 
their usual state. And yet tho alveolar cavitj- is occupied by a 
finely-fibi-illated coaguluin (h) which encloses a number of red 
and colourless cells. These elements must therefore have come 
i-eotly from the vessels; they must have penetrated their 
ills, even though no trace of an abnormal opening can b« 
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discovered. We, who hare laboured long in the track of 
Virehoic to assign the plastic exudation of the humoral patho- 
logists exclusively to a, local proliferation of the ctnmeotiTe 
tissue, must feel convinced in the &ce of theee ^ipearances 
that our doctrine needs verj- considerahle modification and 
restriction. Cohnheim {l.c.) has already laid a secure foundation 
for the new theory by his thorough investigation of the inflam- 
matory process as it occurs in the mesentery of the frog. He 
has shown us, that in proportion as the circulation of the blood 
through the dilated voins and capillaries grows slower, the 
colourless corpuscles adhere to the walls of the vessels, and then 

Fig. 134. 
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Recent croupous jmcumoniii. a. Alveolar septa ; capillaries 

injected ; 6. TLc eindotion. sJ . 

emigrate through minute, preformed stigmata. This most 
accordingly be regarded as the way in which the pneumonic 
exudation is produced. The composition of the infiltrated mat- 
ters varies within nHde limits. The red blood-corpuscles are 
never wholly absent ; in one case however they make up but a 
fractional part of the corpuscular elements present, while in 
another they may amount to double the nimiber of the colourless 
corpuscles ; in a few rare cases they accumulate in such enor- 
taaoB quantities that we may fairly ask whether the "exudation" 
ought not rather to be termed an " extravasation." 
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This "heemorrh&gic character" of Uie exudation stamps it- 
Beli* upon the whole second stage of the pneumonia. We are 
reminded of it by the " damson-cheese " Goh)iired sputa of the 
patient, by the epithet "red" hepatisation. Indeed the de- 
cidedly red, liver-liko coloration of the infiltrated part of the 
hxag onght rather to be ascribed to the blood which is extrava- 
sated, than to that contained in the vesselfl ; since the quantity 
of the hiter stands in a nearly inverse proportion to the amount 
of the exudation, and is therefore less at this stage than e.ff. 
daring that of congestion. The greater solidity and weight or 
the hepatised long, the total exclusion of air, are due to the 
occupation of the last residue of the iniundibular and alveolar 
cavities by solid matter. On scraping the cut surface of the 
lung with the knife, and holding it up to the light, we con see 
the small plugs of exudation protruding from the snr&ce in the 
form of rounded granules, which may also be detected by the 
finger. We call this the " granular " condition of the pneumonic 
lung (fig. 13S). Through this dense parenchyma, which is 




Plugs of exudation, got by scraping the granular cut BUiface 
of a. hepaliseil lung. Tbey arc well adapted to rIiow the 
form of the infundibular cavities, in whicli they are 
inooldetl. Cf.§411. ^. 

really very like liver, the Inspiratory murmur, caused by the 
passage of air through the trachea and larger bronchi, is pro- 
pagated without any alteration in its pif^ to the ear of the 
physician, applied to the wall of the chest. We hear " bronchial 
breathing," mingled at most with a few bubbles of coarse 
crepitation, but no longer masked and altered by the Tesiculor 
murmur or by fine crepitation. The sound on percussion i» 
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completely dull ; the extent of consolidation maybe determined 
to within half a centimetre. 

§ 467. Third Stage. Yellow Hepatisation. Red 
hepatisation, as we have seen, occurs quite independently of the 
proper parenchyma of the limg ; the stage which inmiediately 
succeeds it is characterised by the onset of textural changes in 
the parenchyma itself. That luxuriant proliferation of the cor- 
puscular elements of the connective tissue and epithelium of the 
alveolar parenchyma, which we look for in vain in fig. 134, is 
strikingly apparent in fig. 136. Masses of young cells are 
everjnvhere seen in the interstices between the vessels ; the 
whole internal sur&ce is lined with several layers of epithelial 
elements which are abundantly intermingled with lymph cor- 
puscles. Here, in fact, we have the signs of a true catarrhal 
inflanmiation ; this is a point to which we shall return more 
particularly hereafter. Now the parenchjmatous infiltration 
gives rise in the first place to a further increase in the bulk, the 
weight and the density of the inflamed limg ; the " granular " 
appearance, owing to the swollen condition of the septa, is less 
marked. The most striking feature however, is the change of 
colour ; from a dark reddish-broT^Ti it passes into reddish-yellow 
and finally into yellowish white. The chief cause of this is 
undoubtedly the squeezing of the blood-vessels by the additional 
infiltration, whereby the afilux and the transit of the blood are 
hindered. Besides, the situation of the infiltrated material 
inmiediately around and between the vessels, masks the colour 
of what blood still remains in them; thirdly and lastly, we 
must take into account the beginning decolorisation of the 
extra vasated red corpuscles, which renders the infiltration paler, 
and allows the whitish, pus-like tint of the colourless corpuscles 
to prevail. 

It would be a great mistake to suppose that the hepatised 
lung is as anaemic during life as we find it after death. I have 
invariably succeeded, without any great exertion, in completely 
injecting lungs in this stage of consolidation, even when they 
contained no blood at all on their removal from the body. This 
amounts to saying that the soft and elastic reaction exerted upon 
the pulmonary capillaries by the exudation, is overcome by the 
heart's energy during life, but suffices, when the heart grows 
feeble and its contractions finally cease, to squeeze the blood out 
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t the capillaries and to accumulate it, during tlio general pow!- 
KiorteiD settlement, either in the heart or the great veins. 

S 468. For KTn Stage. Pcrui.est lKyn,TRATiON. Res(H,i- 
■tici.v. Just an the stage of yellow bepatisiition is ushered in hj 
I an alteration in the piirenchynia, so the final stage of pneumoni:! 
ishered in by ti metamorphosis of the exudation. For while 
Sie parenchjTna eontinnes for a time in a state of purulent 
Mtarrfa, the connexion of the exudation with the alveolar sur- 
ice, which had hitherto maintained itself, is everywhere dis- 
lolved ; the fine thrcnds of fibrin, by which the exuded matter is 
1 (in fig, 134) to be moored to the alveolar wall, molt away, 
r with the rest of the fibrin, into ix soft amorphous jelly. 
Fig. las. 
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Croupous pncumonifi in n later stagt of it* evolution. MullinK 
of the exudation. Catnrrlial desiniamntion of the nlveolnr 
w»U. ,h>- 

which encloses the colourless corpuscles, and what there is of the 
red ones, forming a little spherule which lies free in the interior 
of the alveolus (fig. 136). I think it probable that this jelly-like 
^.substance also takes up a number of those elements which arc 
lerived from the alveolar wall ; I think this because it u.sually 
nntains a quantity of granular, black pigment, which eorres- 
Wnds exactly in its characters to the pigment of the lungs. 

s pigment {see fig. 133) was formerly situated in the 
Old the corpuscles of the pulmonary connective tissue, and 
mly have got to the free surface by the spontaneous migrati 
r passive " fioating-out " of the cells which contained it. 
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Aa regards the chemistry of the metamorphosis which ^ 
fibrin imdorgoeSy I have already (§ 39) decided in fiirour dT its 
being a mucous transformation. I grounded my opinion on the 
altered reaction of the exudation to acetic acid. During the 
Htage of red hepatisation, the addition of acetic acid aerves only 
to clear up the exudation and to dissolve the threads of fibrin ; 
it now gives rise to a distinct precipitate of mucin. It must not 
be forgotten, however, that this mucin, which we find in the 
later stages of pneimionia, nuiy possibly be derived frran another 
source as well ; it may originate e,g. by a mucous metamoiphotis 
4}{ the corpuscular elements, while on the other hand, the fibrin 
may have passed into a soluble modification, whidi need not 
necoHHarily bo identical with mucus. 

Accordingly the stiff material which fills the alveokr 
panjnchyma gradually melts into a slippery, mucoid sub- 
stanc(% which grows thinner and more liquid as time goes on. 
If wo now Hcrai)e the greyish surface of the limg, which is still 
niunnn'cs w(i find no trace of the ** granular " appearance, while 
u ({uantity of purulent fluid trickles along the knife. Bits of the 
lung are so slii)ix>ry that we can hardly hold them in our fingers. 

Tlie whole of this final stage maybe regarded as preparatory 
to 1h(5 removal of the pneumonic exudation. Fatty degenera- 
tion and absoq^tion of the d^hnn contributes to this end but very 
])artially ; the bulk of the exudation is expectorated, is got rid of 
in the sputa. The conditions are in themselves as unfavourable 
OH iliey (Min ])OHsibly be. The infuhdibula communicate with the 
afiereiit bronchus by a comparatively small opening. In the 
fibrinous casts (fig. 135) the pedicle a represents the calibre of 
this aperture, through which the whole fruit hanging from 
this stalk must make its way. It is obvious that this can only 
•occur if the moss has entirely lost its original stiffiiess, if it has 
passed into a semi-fluid condition. In that case a violent expi- 
ratory effort may sufiico to dislodge the plug from the narrow 
opening, and so to rid the infimdibulimi of its morbid contents. 
As a rule, the evacuation is preceded by a complete liquefiEUjtion 
of the exudation into " muco-pus ; " for casts of the inAmdibula 
are, upon the whole, but rarely met with in ihet sputum coctttmoi 
pneumonic patients. 

§ 469. As the expulsion of the alveolar contents proceeds, 
the anaemia remits ; nay, the blood usually returns to the lung 
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fied energy, so tliat the aflected part appears rather I 

_. ^., than a paler red in comparkon with the heaJtliy 

remainder of the organ, when the air is once more admitted 
freely into every part oi' it. This is dne to a certain atony of 
the contractile and ehiatie elementa of the tissue, due to the 
protracted and excesisive disturbjince of nutrition. This atony 
maj- bo so considerable, oven daring the stage of resolution, as 
to allow the parenchyma underneath tho pleura to bo cnisbed by 
a. very trifling squeeze. The ca'i-ity thus foniied speedily fills 
with pus, and simulates a subpleural abscess. The loss of 
elasticity continues for a long time after the patient's recover)', 
yielding ultimately and very gradually to the improved nutrition 
of the parts ; this is a circumstance the practitioner ought never 
to forget. 

S 47U. In (he foregoing sections I have described the typical 
course of inflammaf ion of the lungs, whether it be restricted to a 
single lobe, or, as more frequently happens, involving several 
lobes in succession or even uimultaneously, I have only hinted 
casually at the points where the disorder may deviate from its 
normal course ; I now reti-oeo my steps, in oi-der to follow up 
those deviations more completely. They constitute the aakie- 
TiEs and AKNORsi.vi. TF.UMiNATioNS of puoumoniu. 

§ 471. A, Termination in n.UicRKSK. There are two prinei- 
jwil causes which predispose a portion of iufiaraed and infiltrated 
lung-tissue to mortify. One of these is the presence of a i'ew 
dilated bronchi, filled witli putrid secretion, in the intci-ior of the 
consolidated lobe. And here the bronohieetasy itself may 
usually be regarded as the true cause of tho inflammation ; and 
we may conclude that the putrid ehui'aeter of the subsequent 
metamorphosis of the infiltration is imme<liately derived from 
the putrid contents of tho dilated bronchi. 

Widely diflferent are those cases of pulmonary gangrene, in 
which the putrid elemeut is, so to say, "autochthonous," In 
such cases I have found that the " hjemorrbagic " element pre- 
dominates in the stage of exudation. We shall hereafter 
be<?ome acquainted with circumscribed gangrene of the lung as 
tho typical issue of hiemorrhagic infarction. In the latter case, 
the alveoli are actually tilled with clotted blood ; the circulation 
HJb eomplelely arrested ; and since we know that no substance is 
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otherwise favourable to them, than eoagulated blood, we can 
readily see how gangrene must necessarily result from hsemor- 
rhagic infarction. There are some pneumonic exudations how- 
ever, in which the red corpuscles and fibrin predominate so 
greatly, that they differ but little from hacmorrhagic infarctions, 
and might even perplex an inexperienced observer. Hence we 
must not be surprised to find like causes followed by like 
effects, to find gangrene occurring in this as in the previous 
instance. 

In connexion with the phenomena of gangrene, the share 
taken by vegetable parasites in the putrefactive changes has 
been much studied of late. According to Leyden and Jaffe 
the yellowish- white, pulpy lumps, varying in size from a millet- 
seed to a bean, with a smooth surface and a peculiarly offensive 
odour, which are found in the sputa of patients suffering from 
pulmonarj^ gangrene, consist of an immense quantity of minute 
granules and short, staff-shaped bodies, which exhibit lively 
rotatory movements on the addition of a little water, together 
^-ith a number of minute oil-globules, crystals of fatty matter, 
pigment-granules and elastic fibres. In their opinion, we have 
to do with the sponilcs of a fungus, the progeny of the Lept(h 
fbnx huccalis, which infests the mouth. They believe that the 
germs of this fimgus are continually being drawn into the respi- 
ratory passages in large numbers ; but that they only proceed to 
multiply and develope when they find a suitable nidus in putrid 
matter, in a stagnant and decomposing fluid (Bronchiectasy). 
The most recent investigations of J, Luda'8 render it quite 
unnecessary to assume any transmission along the air-passages 
to account for the presence of the germs ; these exist everj*^- 
where as quiescent vibrios, and hold themselves in readiness 
to undergo further development when the medium in which they 
are suspended begins to putrefy. The presence of these quies- 
cent vibrios has actually been demonstrated in the blood ; it 
has been shown moreover, that they are converted into active 
vibrios as soon as the blood dies.* 

In conclusion, the phenomena of pulmonary gangrene are 

* The autlun-^s views on this point have changed since the above 
was written, (-f. § 24, which has heen altered since the publication of 
the second German edition ; the alteration Is incorporated with the present 
translation. — Tr. 
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i&de up of the processes attending the putrefaction of the blood, 
Hke corpuscular protoplasm, the gelatigenous and the elastic 
tissues, as described in § S H and 19. In the difiuae variety of 
gangrene a considerable tract of pitrenchjTna is converted into a 
^greyish- green, eminently fa-tid pulp, in which the more resis- 

t structures, particularly the walls of the vessels with the 

idles of clastic fibi-os which arc attached to them, may be 
wgnised for a long time after all the remaining elements of 

ictnre are broken up. Uerc and there, by the partial expec- 
toration of the gangrenous sanies, cavities are produced, with 

;ged and shreddy walls. The mortified part, at its periphery, 

!6S very gradually info recently hepatised lung-tissue, into a 
|*fresh pneumonic intittration, obviously excited by the presence 
of the gangrenous part itself. It is only when the gangrene is 
extremely limited, and particularly when it makes its first 
appearance at a comparatively late stage of the disease, after a 
powerful reaction on the part of the parenchyma bus already set 
in, that there is any chance of recoverj' ; when this does occur, 
it is brought about by the ordinary means. We shall say more 
about it when wo come to speak of circumscribed gangrene. 

§ 472. B. Termination in Phthisis. When speaking of 
yellow hepatisation I called attention to the well-marked catar- 
rhal state of the alveolar walls, which respond to the inflamma- 
jtorj' r.timiJns by a productive activity of their corpuscular 
dements. The epithelium behaves just as it docs in catarrhal 
pneumonia. It yields large, round or polygonal cells, rich in 
protoplasm, which mingle with the other contents of the alveoli. 
As a general rule, this homologous proliferation of epithelium is 
only just observable, and subsides in proportion as pus- corpuscles 
arc produced, in conjunction with a marked serous o^ema of the 
affected part. Cases occur, however, in which the croupous 
exuflation may be said to exist only for the purpose of ushering 
in a true catarrhal pneumonia ; in which the fibrinous exudation 
is speedily enclosed in a dry secretion from the alveolar wall, 
consisting mainly of cells, together with which it then falls a 
to necrobiosis. Vainly does the physician await the reso- 
ttiou of the pneumonic consolidation ; he is at last compelled 

admit that the case is one of " acute " caseous pneumonia. 

Its further progress diifers in no respect from the usual course 

of broncho-pnoumoijic phthisis. 

TOL. II. 
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§ 473. c. Termination in Abscess. This also is due to 
changes in the parenchyma, not in the ezndation* It tliTBateiis 
to occur whenerer the corpuscolar proliferation in the alTcolar 
wall is not oonfined within its usual limits, when it is exfOOBme 
in amount, and causes the disintegration and liquefiBu^tioii of tlie 
interstitial connective tissue to which the form and consistency 
of the entire structure are due. Small cavities are first pro* 
duced, filled with pus and the cUbris of the pulmonary tiyssuea. 
These may coalesce by softening of the intermediate partitions^ 
forming abscesses of larger size ; this may go on mitil ane»half 
or even the whole of a lobe is occupied by a single absbees of 
great size. But the reactive inflammation at the periphiery of 
the dqx)sit may at any time result in the formation of a stoat 
layer of embryonic tissue which arrests the ftirtiier prog res s of 
the morbid change; this at once takes up the position of a 
granulating surface towards the abscess ; it continues for a time 
to secrete pus, and finally lessens the abscess-cavity by gradnally 
undergoing contraction. 



0. Embolic Pneumonia. 

§ 474. The changes in the pulmonary par^ichyma excited 
by the introduction of solid particles into the current of the 
lesser circiilation, vary, as we know from experiment, with the 
size of the particles and still more with their physico-chemical 
properties ; now in human pathology, so far as we are' at present 
aware, such particles are always of one sort. Inflammation and 
suppuration have occurred somewhere in the body ; caused by 
an operation- wound, by a fracture, by parturition, Ac. The 
veins which traverse the aflected part are filled with thrombL 
The thrombosis extends into the larger systemic trunks ; here 
the clot softens and is broken up ; the fragments are carried 
through the right heart into the pulmonary artery, and wedged 
into branches of corresponding size (§§ 194, 196, ei seqq,). 
Xow these emboli have powerftdly irritant properties. The 
entire process assumes the character of a septic inflammation ; 
due less to the chemical products which might result from the 
decomposition of albiuninous compoimds, than to certain fer- 
ments — ^perhaps to the vibrios which are always present in 
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uge Btunbers. For whereas the injection of neutral substances — 
f.g. of pellets of wax — into the pulmonary artery, is never fol- 
lowed by anything more thau a sort of indurative inflammation, 
in the case which we are now considering, suppuration is an 
inei-itable, necrosis a very common event. Partly because of this 
coustaot "issue in suppuration," partly because of its secondary 
character, the embolic form of pneumonia has come to be known 
as " metastatic abscess." 
H § 475. If, as not seldom happens, we have an opportunity of 
^» studying the first beginnings of the inflammatory process side by 
' side with its more advanced stages, we are chiefly Btrucb with the 
deep red colour, the swollen and consolidated appearance of a 
sharply circumscribed, wedge-shaped segment of the lung. The 
plugging of the afferent arterj- {fig, 137, a) has caused so intense 
a degree of primarily passive congestion within the area of its 
distribution, that the overloaded capillaries have given way at 
various points, and a large number of red corpuscles have escaped 
into the alveoli together with the exudation. This h,«morrhagic 
TKANSUDATioN, as I would term it, in contradistinction to inflam- 
matorj' exudation on the one hand, to extravasation on the other, 
is merely a preliminary to the actual inflammation ; it is the 
first result of the embolism, and constitutes, together with this, 
the source of irritation against which the organism reacts by 
means of the inflammation proper; the latter accordingly appears 
as something superadded or secondary. The larger the quantity 
of blood poured out in consequence of the primary lesion, the 
more likely is actual stasis to result from retardation of the 
current through the capillaries, the more marked is the subse- 
quent tendency to gangrene ; for stasis ia sj-nonymous with 
death, and, as I have already remarked, stagnant blood, when 
contained in a moist cavity commiuai eating with the atmosphere, 
is peculiarly liable to undergo putrefactive decomposition. 
iDllammation and proliferation are quite as much in need of 
a coudnued renewal of the circulating fluid, as healthy nutrition; 
hence inflammation and proliferation may veiy possibly not 
occur at all in the centre of the aflected part; and thisserves to 
explain the great variety of the anatomical appearances in the 
IttttT stages, a variety which is always very striking. 
^L § 47(J. The INFLAMMATION itself prosentsthetypicalcharacters 
^Ktf R purulent infiltration followed by abscess. The pus-corpuscles 
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undoubtedly originate in the connective tissue of the alveolar and 
infundibular septa. From hence they migrate to the free sur- 
face, gradiudly taking up the space destined for the reception of 
air. When they hare done this, the affected part presents the 
features of a tolerably complete hepatisation ; on its cut surface, 
the naked eye can readily distinguish a delicate tracery of red 
lines and circles, upon a greyish ground. The grey ground 
is the purulent infiltration, the red lines are the alreolar septa. 
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Dii^nun of emboliu congestion pf llie lung. A, Small arteiy, 
pluHgwl ot E by an tniliolHS. V. Smnll vein filled with 
a clot which esti'nds as far as iU tntok. The shadeil 
portion of the cnjiilliirj' network is the area of iliBtriha- 
tion of the orterj-, in n state of passive congestion, and 
about to be tlie seat of a hajmorrhngic exudation. The 
arrows indicate tlie collateral channels through which the 
abnonnal turgesconcc of tliu ea|iillnries is effected. C. 0. 
Webtr lias already puhliahed a Biinilar diagram. 

whose vessels are still pervious and full of blood. On squeezing 
out some of the exudation and examining it under the micro- 
scope, we find a number of largish cells mixed up with the ordi- 
nary pus- corpuscles, which arc here for the most part aggregated 
into spheroidal clusters ; the larger cells I believe to be more 
nearly related to the alveolar epithelia, partly because they are 
very like the cells in catarrhal pneumonia, partly because they 
<^t«n exhibit the phenomena of endogenous prol^eratitnL 
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The mfiltration is very speedily followed by tbe forrantioii of 

'"on abscess. The parencbjina which has hitherto served as a 

HUpporting framework undergoes total disintegration ; the solid 

hepatised tissue melts into a yellow, creamy pus, in which only a 

few shreds of the alveolar textures, sc. elastic 6bres and arterial 

■ ■costs, remain suspended. Tho affected portion of the parenchyma 
in thus entirely cut off from the organism — annibilated ; its 
Jtlace is taken by an abscess. 

§ 477, Let us now consider the various conditions which 
■may result from the combination of the hfcmorrhagic congestion 
ku the one hand with the suppurative iuffammation on the other. 

■ iWe have, 1st, the case where an artery of considerable size, sup- 
■plj'iiig about a fifth part of a lobe, is plugged by a large embolus. 
I The collateral replenishineut of this area is very complete ; but 

the risk of stagnation is also very imminent ; hence a condition, 
nearly identical with becmoiThagic infai-ctioii is brought about. 

»The inflammation is limited to the edges of the plugged area ; 
here we find a zone of tissue about a line in width, either infil- 
trated with pus, or even quite liquefied; the appeanmces are 
those of a circumscribed necrosis, with a sequestrating suppwa- 
tion designed to facilitate the removal oi' the mortified part. 
Diametrically opposed to this is, '2nd, the case where a very brittle 
embolus has been splintered into a number of fragments by 
impac-t upon the various forks which it has had to pass ; each of 
these fragments blocking a vessel of relatively narrow calibre. 
Wb then find a large number of foci, varying in size from a 
hemp-seed to a cberrj-, scattered through the affected lobe; 
these foci being in a state, either of hepatisation,' or of puralent 
I . liquefaction. In this case the stagnation of the blood fell short 
^L^f absolute stasis ; it only went as far as an inflammatory hyper- 
^■cmia might have gone, so as to give the entire pi-ocess the 
^K«haractfir of a circumscribed suppurative inflammation without 
^BBCtual necrosis. Between these two extremes lies a very varied 
^Bteries of combinations ; thus i:i/. we not imfrequently meet ^vith 
^Ksmall foci, hEcmorrhagic throughout, girdled with narrow areolic 
of inflammation; again the extent of Ihc inflammation may be 
utterly out of proportion to the size of the plugged vessel, the 
hopatisation — which in these cases indeed, is not invariably m 

trulent, but quite as often croupous — extending through one- M 

If or the whole of a lobe, &f. ^| 
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§ 478. The superficial, subpleural position of the majority of 
metastatic abscesses is highly characteristic, and has not as yet 
been adequately explained. We rarely find them in the middle 
of the- lung, towards its root. Hence the invariable implication 
of the pleura in the inflammatory changes. The usual appear- 
ances are those of an inflammation, primarily adhesiye, and 
attended by a copious serous transudation, but soon passing into 
the purulent form (§ 276). The infection of the serous sac is 
due to the division of putrid fluid from the abscess or mortified 
part into the pleural cavity. The continuity of the pleura usually 
remains intact; nay it often happens, singularly enough, that the 
patch of pleura immediately over the abscess exhibits no osten- 
sible change; while round about it the membrane is coated 
with a viscid layer of yellowish- white exudation. It may fairly 
be assumed that exudation has been checked over the site of 
the pulmonary lesion, by the pressure of the lobular infiltration 
having rendered the pleural vessels impervious from the first ; 
while at a later period, the occurrence of gangrene excluded all 
possibility of inflammation. Perforation of the pleura, either at 
the centre or at the edge of the deposit, now and then occurs ; the 
sodden and half-melted fibres of the connective tissue separating 
to allow the pus, the sanies and the air, to enter the pleural sac. 
It is self-evident that such a catastrophe must infinitely increase 
the patient's danger. Supposing the pleurisy to have been 
moderately intense up to that time, the occurrence of perforation 
at once makes it assume a most malignant type, and renders all 
hope of recover}^ futile. 



7. Diseases of the Luxgs consequent on 

Heart-mischief. 

§ 479. Considering the intimate relations which subsist 
between the heart and the lungs, and their respective ftinc- 
tions, we cannot wonder at finding that of all the organs of 
the body, the lungs are the first to sjTnpathise with diseases of 
the heart. And it is mainly to impeded circulation through the 
left heart (insuflSciency and contraction of the mitral and aortic 
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Inlres) that "increase of tension in the lesser circulation" 
(S 255), followed by a series of morbid phenomena in the 
respiratory apparatus, is due. 

§ 480. — I. Bronchial i;ATARRir, The larger bronchi are 

prorided with vessels of their own in connexion with the 

systemic circulation (bronchial artcrios and veins) ; these 

vessels would be iudiflereut per sf to any increase of tension in 

the pulmonary circulation, were it not for the fact, established 

L'tijf Mossignol, that they freely anastomose with the proper pul- 

^Ejnonary veesels ; this explains how it is that most persona 

E^Bofferiug from insufficiency and contraction of the mitral valve 

are subject to a chronic passive hypencmia of the bronchial 

mucous membrane, predisposing it to catarrhal inflammation ; 

hence obstinote and recurrent bronchial catarrh is one of the 

usual consequences of mitral disease. 

§ 481. — II. Brown induration of the lungs. This used 
formerly to be considered a peculiar form of chronic inflamma- 
tion. RokiUimki tries to make out that it in a hj-pcrtrophy of 
the connective tissue of the limgs, associated with a diffuse, 
brownish pigmentation, which gives the organ a jaundiced hue. 
And such an interpretation of the phenomena ought not in any 
way to surprise us. For the lungs, when taken out of the 
chest, appear very heavy, bloated, tense and bai-d, but not in- ■ 
filtrated, or even codematous; they are crepitant thi-oughout; 
their colour is a yellowish-brown ; and what is most important, 
microscopical examination of recent sections shows a very de- 
cided thickening of the alveolar and infundibular septa, which 
may be unhesitatingly ^newed as the proximate cause of the 
entire morbid state. But to interpret this thickening as an 
inflammutorj- induration, was premature. For although it 
neither can nor need be denied that the amount of interstitial 
connective tissue is in some degree increased, yet the chief 
^utreaa must be laid, not upon this, but upon the state oi' the 
^MtpiUaries. These are elongated and dilated in a high degree. 
^^f we inject a lung, affected with broivu induration, with a 
transparent solution of gelatin {Buhl), or if we tie off bits of 
the lung which happen to bo naturally well- injected, and soak 

them, hret in hydrochloric acid and then in spirits of wine 

^^^olberg), examining sections of medimn thickness from cither 



72 



MOBBID ANATOMY OF THE LUNGS. 



Bpecimen, we may assnre onrsdres of the interestiiig &ct, that 
the well-known capfllary twigs which ramiij npon the alve^ar 
septa, project much farther than usual into the air-ccUs, that 
they are strikinglj dilated and often appear evcoi Taricose at 
their points of flexion (fig. 138). The dilatation reaches an 
average diameter of frcnn '01 to '02 mm., while the limits 
within which the diameter of normal capillaries may vary, are 
from "003 to '007 mm. The bulging of the capiUary loops <m 
all sides at once, must of course narrow the alveoli very com- 
siderably; hence the little air these lungs contain. To exjdain 




Brown induratioiL An dyeolus with dilated capillaries ; pig- 
ment deposited partly in the cotmective tisane of tbe septa, 
partlr in the catairbal cells contained in the interior of the 
alveolue. iJq. 

how the older \'iew came to be adopted, it is necessary to add, 
that if the blood be allowed to run out of the capillary loops — 
as invariably happens when sections are cut from the recent 
tisBue — the capillaries can no longer be distinguished from the 
remaining constituents of the alveolar wall, and the general 
aspect is that of simple thickening of the interalveolar septa. 
The larger interlobular vessels also, particularly the branches of 
the pulmonary- artery, are markedly dilated ; here, however, the 
dilatation of the vessels is undoubtedly associated with a not 



DISEASES CONSEQUENT ON HEAHT-SaSCHIEF. 73 

Monsiderable overgrowth of the interlobular connective tissue. 
t BID far indeed from wishing to deny that in this instance, as 
"tt the analogous conditions of the liver and kidneys, hyperplastic, 
s are associated with the dilatation of the vessels. Espe- 

' cially would I direct attention to the constant occurrence of a 
very marked hypertrophy of the muBCular coustituenta of the 
pulmonary parenchyma. This sets out from the ^xiint where 
the bronchi open into the infniidibula, Thia point is furnished 
with a Bphincter-like ring of mnscuhir fibres. Starting from 
this point, 11 number of muscular fasciculi run downwards in 
the iniundJbular walls, forming loops ; these unite here and 
there to fonn stouter transverse rings which encircle the in- 
fundibulum at right angles to its axis. I think it not unlikely 
that this very considerable increase of contractile power may 
underlie the well-known immnnity of lungs affectod with brown 
induration from such dividers as set out from the retention of 

, catarrhal secretions (catarrhal pneumonia and phthisis). 

In consequence of the persistent congestion of the pidmonary 
renchyma, minute ruptures occur here and there in the 
MpiUarj' vessels and arterioles. The fate of the estravasiited 

f blood is different, according as it is poured out into the alveoli, 

I or retained in the parcnchjTna. In the former event it is 
expectorated, imparting a yellowish tinge to the sputa ; in the 
latter, it causes the yellowish -brown pigmentation of the lungs 
which has been more than once alluded to ; this being, together 
with the increase of density, the most striking naked-eye featui'e 
of the disease. On examining the lung more carefully, we 
notice, in addition to the diffuse staining, brown and yellow 
dots, both underneath the pleura, and more espctiiilly upon the 
cut surface of the organ, mingled with i-econt extravasations of 
a red colour. The brown and yellow dots are heaps of pigment- 
granules which have obviously been left wherever cxtravasiif ions 
have prenously occurred. The pigment is partly free, partly 
enclosed in cells, as in the colliers' and ironworkers' lungs (fig. 
138). It is worth mentioning moreover, that the pigment- 
granules are especially common in such elements as lie free in 
the interior of the alveoli, elements which have been taken by 
nuthors for " detached epithelial cells." It is verj- unlikely that 
"epithelial pigment" should have originated in the alveolus, 
much as u period of weeks, at the very least, is required for 
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the conyersion of the soluble colouring-xiiatter of the blood 
into tolid pigmentary matter — a much longer interyal there- 
lore, than that during which the so-called epithelinm-ceUB abide 
in the alyeolus. The pigment-granules must accordingly have 
come from the connective tissue of the parenchyma; and ainoe 
it is not likely that they would have spontaneously taken the 
direction towards the free sur£Eice, we very naturally eanolude 
that they have been carried by the cells in which they axe em- 
bedded; and this view of course implies that the cells themselTes 
are migratory corpuscles which have made their way to the 
surface, and not true epithelial elements at alL This Yiew is 
further corroborated by the smallness of their size, as compared 
with those elements which fill the alveoli in cases of catanhal 
pneumonia. The proper epithelia of the air-cells are quite 
unaltered, so far as my observations go ; we must always be 
very cautious in assuming a desquamative catarrh of the alveoli, 
since the epithelial cells of the lungs in adults are among the 
least irritable elements of the body. 

§ 482. — ^III. HjEMORRIIAGIC INFARCTION, AND CIRCUMSCKIBED 

GANGRENE of thc lung. This term denotes the stuffing of the 
air-cavities of a circumscribed portion of the lung with extra- 
vasated blood. If we remember what has just b^Bn said con- 
cerning haemorrhagic and gangrenous pneumonia, as well as 
pulmonary embolism, we can hardly fail to note the high degree 
of anatomical similarity which must and does subsist between 
haemorrhagic infarction and the first stage, more especially of 
embolic pneumonia. We may go so far as to say that haamor- 
rhagic infarction is a result of embolism ; for we cannot fail to 
recognise the presence of the anatomical features of infarction, 
when we find a " haDmorrhagic transudation " (Cf. § 476) due to 
plugging of a large branch of the pulmonary artery, passing 
into actual hsDmorrhage. Cases of this sort are especially com- 
mon in heart disease ; coagula (" polypi " of the heart) form in 
the trabecular network of thc right auricle or ventricle in con- 
sequence of stagnation of the blood in their interior ; bits of 
these coagula are detached, and serve as emboli. Nevertheless 
these embolic infarctions can be distinguished from such as are 
due to rupture of a vessel of considerable size ; for in the former 
variety, the transition from the stufied parenchjrma to the normal 
tissue round it is very gradual, passing through all the stages of 
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hsmorrliagic and simple h ypenemia ; while in the non-embolic 
form, the affected part stands out in sharp contrast to the 
surrounding tissues as a solid wedge of uniform density and of a 
deep red colour. Such wedges originate, not in embolism, but 
in rupture of a vessel of considerable size ; they are chiefly 
found in persons suffering from heart-disease. The increased 
tension in the pulmonary circulation must he regarded as their 
predisposing caiise. From this point of view, the infarction is 
merely a gigiintic variety of those capillarj' htemorrhages with 
which we became acquainted in brown indiiration. " Fatty ero- 
sion of small and medium-sized branches of the pulmonary 
artery " may with great likelihood be regarded as in all cases the 
proximate cause, determining the spot at which rupture of the 
vessel occurs, Uf course this can only be proved by a very 
minute investigation of the branches of the artery, since it is 
quit« possible that wc may fail to detect in the main trunk, any 
trace of a process which threatens the integrity of the minuter 
vessels so seriously (Cf. g 220). Finally, a transient fluxion 
must be assumed in every case to furnish the exciting c^use of 
the lesion — bi'inging the diminished resisting power of the vessels 
into collision witli the increased demands made upon it. 

g 48y. "VVhcn rupture has once occurred, the blood forces its 
way into the nearest bronchus with all the violence of the abnor- 
mal tension which prevails at the time in the lesser circulation. 
On reaching the bronchus, some of it is sucked down, tilling 
every part of the corresponding lobide as llir as its terminal 
snceuli ; some trickles along the bronchus in the contrary direc- 
tion ; on its way, it comes across otlior bronchi which branch off 
from the iirst ; the inspiratory current sucks it into these also. 
Finally, the dangerous process is brought to a stop by the occur- 
rence of coagulation. The amount of blood which escapes 
before coagulation sets in is of euurse proportionate to the 
calibre of the ruptured vessel ; this also determines the size 
of the WE«ige-shaped portion of Imig which is rendered " a]X)- 
plectic." The arrest of the haemorrhage is due lo the elastic 
reaction of the over-distended parcnchjTna which compresses the 
bleeding jwint and checks all further extravasation, l"his elastic 
pressure is certainly very characteristic; it is chiefly responsible 
for the changes which next ensue in the infarction ; for, besides 
its conservative action in compre^'^jiig the bleeding vessel, it is 
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produc.tivo of positive harm by compressing all the vessels in 
the interior of the affected part equally, thereby arresting the 
flow of blood through them, and causing the death, the mortifi- 
<'ation of the part. 

§ 484. In contrast to the difiuse variety of gangrene described 
above (§ 471) we have now to consider a circumscribed form, 
as the normal termination of hacmorrhagic infarction. The solid, 
<lusky mass which protrudes equably above the level of the sec- 
tional or the external surface, undergoes necrosis at all points 
at once. lU red colour is changed to a dirty-green, the coagu- 
lated blood putrefies and becomes liquid; at the same time the 
softer constituents of the parenchyma dissolve away, only the 
i^lastic fibres and the thicker layers of connective tissue round 
the vessels and bronchi resisting liquefaction, and forming a 
shrwldy, tinder-like substance which is loosely suspended in the 
sanios by its connexion with the entrance-point of the vessels 
and bronchi. These shreds have an exceedingly offensive odour, 
wlui»h becomes apparent to the patient as soon as the clot which 
])lugs tlie aflerent bronchus softens and allows the contents of 
the gangrenous cavity to mingle with the expectoration. The 
diagnosis is further confinued by the detection of elastic fibres in 
the sputum. 

Tlie development of this condition depends chiefly on the 
behaviour of the tissues immediately surroxmding the mortified 
part . 1 1 i s obvious that the latter must cause the most intense irri- 
tation. A croupous inflammation of those lobules which environ 
the giuigrenous part is accordingly a very usual and generally 
fatal complication of circumscribed gangrene; so too, pleuritic exu- 
dations, consisting of sanious and decomposing pus, are invari- 
ably excited by such gangrenous deposits as are in contact with 
tlic pleura. Apart from these wider consequences of the local 
mischief, allusion must also be made to a more limited inflam- 
matory process, which rims its course in the immediate neigh- 
bourliood of the mortified tissue, and which, supposing it to be 
developed in time, exerts a salutary influence, resulting, and 
that not so verj' seldom, in the repair of the mortified part ; I 
refer to the sequestrating inflammation and suppuration which 
occur at the junction of the gangrenous with the healthy tissues, 
shutting off the one from the other. Thanks to the peculiar 
mode of origin of the infarction (alluded to above), it coincides 
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most accurately with the boundaries of the lobules. Whatever 
its form and size, it must necessarily have a layer of interstitial 
connective tissue at every point of its periphery ; and this, as is 
well known, is far better adapted than the proper parenchyma of 
the lung, to undergo rapid suppuration, and so to break off all 
connexion between the infarction and the healthy tissues. The 
reparative process is completed, after the liquefaction and expul- 
sion of the affected part, by the development of a granulating 
surface, and a cicatricial contraction of the cavity. 



8. Tumours of the Lung. 

§ 485. The lung is very seldom the primary seat of morbid 
growths. We are occasionally surprised, while making a post- 
mortem examination, to find a small enchondromatous tiunour, 
never larger than a walnut, generally subpleural, consisting of 
hyaline cartilage, with a nodulated surface. We must, however^ 
be careful to ascertain whether a primary enchondroma may not 
exist elsewhere, or have been previously extirpated, since the 
lung is a very favourite locality for such rare enchondromatoua 
metastases. 

The same is true of cancer. Primary cancer is very rare in 
the lung, and only occurs in the form of a circumscribed me- 
dullary infiltration, while secondary nodules are less uncommon. 
Epithelial cancer, when present, is invariably secondary, and 
always forms small nodules from the size of a millet-seed to that 
of a pea. 

§ 486. As regards the histology of these tumours, it must be 
laid down as a general proposition, that they are exclusively 
restricted to the stroma of the limgs. Even though microscopic 
examination should lead at first sight to the conclusion that a 
distension of the alveolar cavities is everj'where associated with 
the swelling of their septa, we must not overlook the circum- 
Rtance that the former phenomenon is a nccessarj^ consequence of 
the latter. Like miliary tubercles (which, for sufficient reasons, 
were discussed in § 446), all tumours of the lung, at a certain 
stage of their development, protrude into the air-cells ; they 
may even completely fill them, but they must not on that 
occoimt be regarded as analogous to inflammatory exudations, 
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CD error into wbieii RokUatuki fonnerily felL 0. Wthar dewrrea 
tlie credit of having recently directed attention to tlii* point, 
which ia of great histological importance. Unfortonatdy how- 
ever, hia deacription of the origin of epithelial cancer can onlj 
be accepted aa a contribation to the development of nun-bid 
giovthB generally; for the caae which he investigated (the 
^wcimena are all preserved in the Moseam at Bonn), flioa^ 
originally an epiUielioma of the tongue, recurred as a ainiple 
cancer. The descriptions of epithelioma of the lung fumiahed 
by VirchoK and Dupuy are alao equally applicable to ordinary 
cancer — so far, at any rate, as the histological appearances are 




Cancer of the long. Gradual invasioa of the alveoli. 
B^neration of the septa, jjj. 

concerned. Now we must either admit a singular monotony in 
the textural changes, as they occur in the lungs, or else we 
must conclude that what variety there is, has not as yet been 
clearly enough made out. For my own part, I am only ac- 
quainted with one set of appearances exhibited by cancerous 
degeneration in the lung — those already described by the above- 
named authors. The alveolar network produces a number of 
nesU and rows of cancer-cells, which invade each alveolus from 
its circumference (fig. 139). In addition, I would only direct 
attention to the great frequency of inflammatory changes in the 
parenchyma immediately around the tumour, changes which 
belong to the category of catarrhal inflammation, and lead to 
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the distension of the alveoli with a dry, highly-corpusculated 
infiltration. It is extremely difficult to distinguish these two 
sets of phenomena from one another in each indiyidual case. 
And yet it is only in this way, as a rule, that we Can arrive at a 
trustworthy condusion with regard to the real size of the can- 
cerous nodule. All this shows that the histology of cancer of 
the lung is still in its infancy ; the comparative rarity of the 
diseaae being chiefly to blame for our imperfect knowledge. 



Til -MOKBID ANATOMY OF THE LIVER. 

§ 487. On taking a general view of the various forms of 
disease to which the liver is liable, we are involuntarily led to 
remark that the majority of them originate in one particular 
element of its structure, whether this be the interlobular con- 
nective tissue, the hepatic cells, or the vessels. This at once 
prompts us to classify diseases of the liver according to their 
textural origin ; such a classification being peculiarly fitted for a 
manual of pathological histologj'. Nevertheless I prefer, in the 
case of the liver more especially, to adopt a loose co-ordination 
of the various morbid states, in preference to any sort of hier- 
archical classification ; for I regard all nosological systems based 
on anatomical foundations, however plausible they may appear, 
to be radically misleading from a clinical point of view. Taking 
the liver as an example, we should have to associate fatty and 
amyloid degeneration with parenchymatous inflammation under 
the common head of " Diseases of the Hepatic Cells ;" these 
conditions having really nothing in common with each other. 
On the other hand, parenchymatous hepatitis would be detached 
from the other forms of inflammation which start from the con- 
nective tissue, i,e, conditions naturally related would be violently 
kept asimder. I will accordingly follow the anatomical method 
only so far as to begin with a few of those changes which start 
from the hepatic cells, because they are at once simpler and more 
distinct ; as I proceed however, I will make the diseases succeed 
each other more in accordance with their clinical relationships. 



1. Fatty Infiltratiox of the Liver-cells. — 

Fatty Liver. 

§ 488. The point of view from which fatty infiltration of the 
liver-cells, in common with that of other structures, should be 
regarded, has already been discussed (§ 61, et seqq,). We find 
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^Bp associated botli with excessive absorption and with deiicient 

H!«xidation of fatty matt«r ; most commonly indeed, when both 

causes co-operate, as in wcU-nourished persons who take little 

exercise, in nurslings soon iifter u meal, in patients suffering 

from tubercular diseases of the lungs, in those labouring under 

:diac affections, associated with the peculiar structural altera- 

s induced by venous stasis, in drunkards, combined with an 

htcrstitial development of connective tissue (Cirrhosis), In all 

e cases, the liver is a storehouse for a jrortion of the fatty 

mstituents of the serum, which have been absorbed from the 

mentary canal, but not yet oxidised, owing to the excessive 

amount in which they are present. That the fatty matters enter 

the liver-cells from the blood is strikingly shown by the fact 

that the fatty infiltration invariably begins in the area of distri- 

^U^tion of the chief afferent vessel, the portal vein.* In the 

^H^hter degrees of fatty liver, we accordingly find only the outer 

^H * 111 the course of the fallowing pogw we shall often have occasion to 
^^Kcur to thet>« "areas of diatrihutioii" of the affereat and efferent vesaeU of 
^B'Ae liver. I take the opportunity of saying a few words on this most 
important Gubject. 

In my opinion, iJie atniclure of the liver may be most clearly and 
intelligibly explained I>y starting from the hepatio vein as a. centre. Inas- 
much u the finest raialAcationd of this vessel, the intralobular venules, 
occupy the exact centre, the axis of the structural units which compose the 
oryan, they may lie said in some sort to take the place wliich, in other 
glands, belongs to the efferent ducts. T)ie hepatic vein with its branches 
fonna a central skeleton of wliich the remaining elements of the hepatic 
structure may be regarded oa the investment. The space between the 
larger branches is miiformly and completely filled, or rather permeated, by 
» of an arrangement unirjue of its kind ; for these larger branches, 
from the gradual narrowing of their calibre, such as we may see in 
branthes of any tree, also exhibit a j«r saltum narrowing. If we slit 
a hepatic vein, and examine its internal surface, we may see all over it 
luntleas number of minute openings which belont; either to true iiitra- 
nidicles, or at any rate to little venous twigs whose calibre bears no 
•rtiou to that of the vein from which they spring. 
The rcniilo «n(mlM lies therefore in the axis of the ovoid lobule 
capillaries converge towards it radially from everj' side ; the whole arrange- 
ment may be compared to that of the bristles in one of those round brushefl 
which are used for cleaning test tubes. The capillary network encloses 
meshes in which the liver-cells are embedded. The latter in theii 
network, the "secreting network," which occupies the meshes 
ibe vascular network, and whose own arrangement has only been madi 
VOL. II. g 
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portions of the lobules infiltrated ; the yeUowish lines wHidb indi- 
cate tlie preoence of oily matter, seeming to mark oat the 
Ixnmdaries of the lobules rather more distinctly than nsoal. The 
oonrse of the minuter changes is highly typical. As regards 
these I ^nll content myself with referring the reader to the 
descriptions and figures in § 61. Fig. 140 represents a higher 
degree of fetty infiltration, such as is often met with in the Tictims 
of tuberculosis and heart-disease. The portal zone of tiie lobules 
is wholly impregnate^ with oil ; the middle zone exhibits the 
process in its earliest stage, while the centre is still unaffected. 
To the naked eye, the cut surface of the organ would now pre- 

otit quite lately (Ludwig, Hering). We are now aware that the wondeilul 
" effusictn'' of the secreting parenchyma into the interstices of a vascular 
network — the renunciation of an independent structural unity such as we 
see in the terminal follicles of an acinous gland or in the coBca of a tubular 
gland — is only an apparent, not a real exception to the general law. 
Although each single liver-cell is in contact with a capillary on two of its 
surfiEu^es, it nevertheless has four surfaces left (viewing it as a cube) for 
contact with adjoining cells ; and the finest bUe-ducts — ^in the form of 
tubular intercellular canals of exquisite tenuity, but still pervious to 
injection — are so disposed upon these contiguous surfaces as to form a 
fine network, which everywhere avoids the capillary network, and is 
always separated from it by the thickness of an entire celL In sections, we 
usually find a double row of cells between two adjacent capillaries; 
between the rows a bile-duct may be traced for a considerable distance. 
The tiabeculse of the secreting netwoik — viewed in this /ijffc*— correspond 
to the tubes of any other gland, where a central excretory duct is separated 
on all sides from the membrana propria and the blood-vessels by a layer of 
secreting cells. The union of the capillary bile-ducts to form ducts of 
laiger size takes place at the circumference of the lobules, where they run 
together with branches of the portal vein and hepatic artery. 

Returning to the hepatic vein, whose finest ramifications are surrounded 
on all sides by the hepatic parenchyma proper which has just been 
described, we must remember that its eight to ten main divisions separate 
the liver into a corresponding number of lobes ; these are not apparent in 
a healthy human liver, but arc manifested in certain abnormal states d 
the organ, and especially in the " congenitally lobulated" liver. The 
intervals between the lobes are occupied by the so-called " portal canals." 
The trunk of this second tree which enters into the formation of the liver 
lies, as we know, on its under surface (portal fissure), and consists of the 
united trunks of the hepatic artery, portal vein and hepatic duct. A 
quantity of lax areolar tissue, which is continuous with the subserous 
connective tissue of the peritoneum (capsule of Glisson), forms a common 
bed for all three ; and their association is rigidly maintained throughout 
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t the "natmeg" aspect. The exquisite plications of the 
?mght- yellow cotyledons in the nutmeg, when seen in section, 
oontrasted with the dnrker colour of the furrouiiding parts, 
correspond in the liver to the yello^t-ish -white tint of the portal 
zones of the lobules, contrasted with the darker hue of their 
cratres. The comparison is peculiarly apt if we limit our atten- 
tion, not to a single lobule, but to the ram ificni ions of a single 
canal of small size, which, owing to its brunches being 
'here bordered by a selvage of fat. assumes a foliated 
aranco like that of an oak-leaf — or if the comparison be 
jweferred — like the folded cotyledon of a nutmeg. The temi 
"nuhneg liver" denotes no more than that the jreriphery of 
each lobule is lighter than its centre, without in any way 
jding whether the phenomenon is due to an abnormal paleness 
the former, or an abnormal depth of colour in the latter 
nutmeg-liver" of this latter kind is met with in 
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1 their Bitbsequent ramifioatioiis. In eianuning a taction under tlit 

tucroscope, we can never lie long in doubt as to whetLer a, VMBcl whioli 

boppfns to be in the field is on afferent or an efferent vein. Tlie intni- 
lobiilftr vein is nlways isnlnted, and separated from tile neighbouring' 
rewelg by a broad band of hepalic pammliyma. The branches of thi: 
heputie artery and the interlohnlar veins are either accompanied by a bile- 
duct of eoiresponding size, just as they were in tlie portal fiflsurc, in 
which case we have to do with one of the larger portal canals ; or else 
we Had thein separated by a distinct interval at the circninferente of the 
lobnle, bnt with their mutunl cnnnexinn EtUl shown liy the lust remnants 
of their common fibrona sheath, which stretch from one to the other in 
the form of threads or niembrnnes. It is only nt the periphery nf the 
labnleK that the thrcf begin lo diverge from one another ; the finest 
1 of the portal vein Ij-ing at the jnnclion of three or more lobules, 
1 from hence distributing their terminal branches between every prur 
' these lobules {fig. 140) ; the arteries penetrate half way into the 
' ir of the lobule, where they break up into n capillaiy network. We 
r time divide the lobnle into three concentrir zones ; the centre i» 
by the part immediately Biirrounding the intralobular venule ; 
I of distribution nf the portal vein forms the circamference, wTiile 
B'hepAtic arttty. is distributed to an intpTmcdtate zone. Of course we 
it not appose that th«e respective tracla are shai'ply marked off from 
» aubtiier ; on the contrary, the community of the capillary network 
idera any bucIi strict limitation impoB«ibte ; yet n knowledge of the 
more intimate relation of these three iiones to llieir respective vessels is 
of importance in guiding ns to a right comprehension of n long si 
morbid slates: 
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cases of heart-disease, where a dilatation of the hepatic radicles 
(to be described hereafter), together with a pigmentatiofl* 
deepen the tint of the central portion of each lobule. ShouU 
the liver bo fattj' in addition, the contrast will of course be oS'i 
the more violent. 

§ 489. Shoidd the fatty infiltration proceed far enough ta 
cause every liver-cell without exception to contain its drop rf 
oil, the boundaries of the lobules are effaced, and the peripbi-ral 
may ceaae to be distinguishable from the central parts. The 
organ presents a uniform yellowish-white or yellowish -broftii 
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colour; its consistency is soft and doughy; the finger leavei' 
permanent mark.s on it ; its size and weight are doubled, whib 
its specific gra\'ity ia lowered; its edge is rounded, especially 
below, where it esteadH downwards into the lunbilical regi<HI. 
(fig, 150, vi.). All these characters of the fatty liver flow natn- 
rally from the quality and quantity of the infiltrated matter ; so 
too, the excessi^'e bloodlossnoss which is constantly associated 
with the other changes. We must, however, be on our goari 
against supposing that the ana?mia which we find after death 
equally great during life. Pressure and reaction here balanofr: 
one another. The distension of the liier-eells with oil moat 
imdoubtedly exert abnormal pressure, which, as regards tlw 



2. Amyloid liVFiLTRATiON of the Livee-cells.- 
Laedaceous Li\'eh. 



sels in the interior of the liver, muat bo quit« equivalent to 
' tfompression fromTrithout. This pressure, however, ia elastic, and 
IS overcome to some extent by the opposing pressure of the blood ; 
we may assure ourselves of this by forcing injectiou into the 
portal vein, which admits it without the application of any extra- 
ordinary force. It is only when the vis a tcrgo of tho heart sinlts 
to zero that the elastic reaction of tbp distended cells makes 

EfiUly felt, and di-ives what blood may still exist in the 
chyma back into the greater vessels, 
490. Amyloid infiltration of the liver-cells is like fatty 
ation in many ways, "Were we to content ourselves with 

A rough sketch of the histological details, we might simply sub- 
stitute " lardaccous " for " fatty " matter. In adopting this course 
however, we should have to shut our eyes to the close relation- 
ship which subsists between " fatty matter " and true "lard." 
The substance taken up by the hepatic cells is an albuminous 
body, which resembles the n on- nitrogenous organic compounds 
only in its peculiar reaction with iodine, which gives it a 
raahogany-red colour. This resemblance is sufficiently embodied 
by retaining the term "amyloid" to denote the substance in 
question. I may refer the reader to § 40, whore, side by side 
with the question as to the origin and chemical position of the 
" amyloid " material, the histology of amyloid infiltration of the 
liver-cells is discussed. We then learned hoiv the individual 
elements increased in size by taking up the amyloid substance, 
how their sharp outlines were blurred, how their contents assumed 
a dull and homogeneous lustre, how their nuclei disappeared, and 
how they were linally converted into glassy flakes or spherules. 
If we trace the progress of the changes in a single 
lobule, we cannot fail to observe that the amyloid matter is first 
deposited in that region which I ha^'c already described as the 
area of distribution of the hepatic artery. The annexed figure 
(fig. 141), which represents a moderate degree of amyloid infil- 
tration of the liver, shows clearly how the glassy swelling of the 
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awratmtf iMtwuik htta afttgwi {M oilv ate Sx ihm tme) tW p«i- 
pAmul wait, bwipimmg ahuuc iiuii'w;iT becween the circaatfonwim 
of tlw lotmltt ud iCs veotDi. luui atCBBjiing iR«>ids &o^ tUs 
paint to a vvriitble 'Hnfiiitfw &utii. fh'* heptUiG ndicle. Tlu> &c( 
iiHUcMtvi} n wttun uuliMT with, th*! unyloid AagHiipratinn of 

tWwMwlvwt anti liXMaiiet &wa. dbtnui tu the iTtpiTliiricf Tlw 
•MitU orteciiw ON »Iiiu ;itEwW«l ia tb« liver, bat the nxatiid 
chwij^ <*2Cuatl. auc cu that uopiUarr wvILv bat to thoae Utct- 
cvUtf wtuvh imiuwliacvlT eavirua thu aneriul capOLiries. 

As thtF dicwiuiv jiwra un. cht! ;ir«ii o£ tht> hepatic Tein is first in- 




Amfi^i Livtc. .t. tMwctukukc tfWcT with auvloiit wills. 

ntok TW titw-o(U» iit cIm uaiiU* hmm of tmh lokal* 
aw ipJiltittftui wlA amjltjid matt^t. jjq. 

vwkd i t hvo» <uid iM>t be&c»^ ddw the inliluatMa ^^pad to the cdb 
of tht> puitiU luuv. Whien ikia sU){w bN U ;it iul nod, caekiadi* 
ndaol UtkthxII. wwl vuiu««{iwati]r xhie orgiui as a vhole, coa- 
tains tvittv tir thxvi tiaucA as nunrh. solid idbtuunoos matter as it 
uonnallT do«» ; oi^ individaal liT«r-«dl, and enaaai^iasDilj th« 
organ as a whuU, is tvic« or tht«e tanes as Iarg« and u heaiy 
as it oa^t to be; each lir«t^«idl, and theivfore the entin otgiiOf 
is of a palfi-gre; coIobt, tmulnceit and waxy. Ttw coo^nra- 
tivelr aharp eigas id the ooonal lirer ate nxuidfid off jvat as in. 
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^Bfte &ttj liver ; the diagram (tig. 150, viL) gives some idea of 
• file colosaal dimeaaiona which the organ may attain. 

The small amount of blood in the amyloid, aa in the fatty 
liver, doservcB especial notice. The amcmia is of coui'bc directly 
proportionate to the enlargement of the liver-cells. The greater 
the intiltration, the less blood will pass through the organ in a 
given time, and the more will tbc hepatic functions be impaired 
— and this quite apart from any direct injury to the secreting 
cella. The bile is very tbin and scanty; it probably sufRces 
however, for (he needs of an organism wboae nutrition ia already 
much enfeebled. The capillaries indeed remain pervious to 
the last. An amyloid liver, in whatever stage, may be per- 
fectly injected ; and it is in inject-ed specimens that we are able 
to demonstrato the localisation of the disease in the hepatic cells. 
§ 491, Besides the diffuse infiltration of the liver with 
lardaceous matter, we are also acquainted with a variety in 
which the deposits are circumscribed; I have only seen one 
example of this condition, associated with red atrophy {/set 
below). The liver as a whole showed but slight traces of 
amyloid degeneration ; but the atrophy resulting from passive 
congestion bad already given it a lobed appearance. Here and 
thjere, in the interior of the lobes, solid nodules as big as walnuts 
were embedded; each nodule being softened at its centre. 
^Aliaute investigation showed a high degree of amyloid infil- 
tration, with pus in the centre of each nodule. The suppuration 
vruB clearly secondary ; for the iatdated lobules, infiltrated with 
wuiy matter and, owing to the great chemical indifference of 
ttiiii deposit, but little changed, could be seen floating iu the 
acaiLty p\i& derived £rom the connective tissue of the portal 
caiials. 

Amyloid and &tty intiltration are not seldom found asso- 
^^iated; the latter usually presenting the characters of aa. 
^baeosioaal and accidental complicatioiL 
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§ 492. Only those conditions can be regarded as truly 
hj-per trophic, in which an obvious increase in the bulk of the 
entire liver is brought about by a uniform enlargement ( 
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multiplication of all its component textures. Accordingly, we 
judge a liver to be bypertrophied when we find a decided and 
striking enlargement of its constituent lobules ; this enlargement 
usually c<mtrasts with the healthy state, inasmuch as in the 
majority of instances, it is demonstrably due to infiltration or to 
the development of some morbid growth. An attempt has been 
made to distinguish between hypertrophic and hyperphistic 
enlargement of the liver, using the former term to denote an 
increase in the size of the hepatic cells, while the latter is 
confined to an increase in their number. The utility of such 
a distinction seems to me very problematical, since con- 
siderable variations in the size of the cells, and appearances 
indicative of corpuscular proliferation, may often be observed 
in perfectly healthy livers. We have only one fixed point to 
guide us in our decision, 8c. the fact that a development of new 
lobules does not occur under all conditions, and that every 
hypertrophy must at first present itself as a simple increase in 
their size. A just estimate of the comparative size of the lobules 
is made easier by the restriction of the hypertrophy (at any rate 
in extreme cases) to circumscribed portions of the organ. As a 
general rule, the hypertrophy is vicarious, compensating for losses 
due to atrophy elsewhere ; so that we are often able to compare 
lobules which are either too large or too small with others of nor- 
mal size. Under this head comes the compensatory hypertrophy 
of single lobes associated with the formation of cicatrices, with 
atrophy due to pressure in other parts of the liver ; it is by no 
means rare. Those cases of moderate and imiform hypertrophy 
which are duei;o leukhaemia or diabetes mellitus on the one hand, 
to prolonged residence in hot climates on the other, are far more 
difficult of recognition. In these cases, we are very liable to 
mistake a spurious for a true hypertrophy. The risk of error is 
greatest in the leukha^mic form of enlargement, which depends, 
in the majority of cases, on an infiltration of the organ with 
colourless blood-corpuscles ; I would advocate caution in cases 
of diabetes also. In the latter disease we are usually able to 
difierentiate the three vascular zones of each lobule. The 
secreting network of the portal area appears swollen rather 
than positively enlarged ; its nuclei assume a wine-red colour 
on the addition of iodine, which points to the presence of 
glycogenic matter in their interior ; the outlines of the cells 




ATEOPHY. 89 

e indistiDct, owing peritapt to an incrense ia their bulk. Tlie 

oiddle zone, the area of the hepatic artery, is fatty ; the central 

||>nrt eecms almost normal ; its secreting cells only exhibiting 

I casual traces of the change whiuh wo noticed in the peripheral 
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g 493. Simple atrophy. In half-starved individuals, in 
the subjects of ccsophageal Btricture, in those lunatics who reject 
their food, in marasmus from whatever cause, we find the liver 
remarkably email and brown ; its capside is lax and wrinkled; 
and thia uniform contraction of the organ seems to depend on a 
shrinking of all the liver-cells to a third of their normal size, 
together with a development of yellow and brown pigment- 
granules in their protoplasm. The conditions are obviously 
antagonistic to those which underlie hyperti-ophy ; wc notice, 
however, that the impairment of nutrition, the diminished func- 
tional excitation, react exclusively on the hepatic cells, making 
them waste, while the other structural elements remain pro- 
^-iaionally normal. Inasmuch, however, as this residue consists 
solely of connective tissue and vessels, the relative preponderance 
of this "fibrous texture" gives the entire organ n leathery 
toughness; this is particularly striking when the liver is cut 
into, and may easily lead to mistaken suspicions of cirrhosis. 

§ 494. Red atrophy. A second form of general atrophy 
is caused by those cardiac and pulmonary disorders which give 
rise to passive congestion of the systemic veins. The hepatic 
veins which open into the inferior cava barely an inch fi-om its 
termination in the right auricle, must naturally be exposed in 
the very first degree to the effects of the augmented blood- 
„ pressure. A chronic, intense venous hypericmia is accordingly 
mediate cause of all the structural changes. One hall', at 
list, of the apace occupied by the liver is normallj' token up by 
e blood. We can hardlj' be surprised therefore, to find that 
ten a moderate degree of congestion should cause a verj- 
enlargement of the entire organ. Should the capillaries 
} distended to only twice their normal calibre, this must at 
once increase the bulk of the liver by nearly a half. The de- 
mand for space on the part of the blood is in great measure 
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liatisfied bj- the enlargement of the organ as a whole; the 
remainder being gradually met at the expense of the paren- 
chyma between the veesela. The secreting tissue wastes, and 
the liver-cells, as they disappear, are replaced hy dilated blood- 
vessels ; hence Virchoic has given the disease the very apt name 
of "red" atrophy. 

I 495. As might have been expected, the obsolescence of 
the secreting cells does not proceed uniformly in all parts of the 
lobule ; it begins where the abnormal pressure is greatest, in 
the area of the intralobular vein. What strikes as most en 
looking at a section made through a duly injected and h a r d ww d 
lobule (fig. 142) is the dilatation of its central vein. Mmeover 




Bed Atroplij. a. Centnl vein of & lobule ; d. interlobular con- 
nective tiMuc, increased in amoimt. For otbet TBfemMw *h 
text. ^ifl. 

t^e vein is not simply dilated ; it is also thickened, often, very 
markedly so. It communicates at various points with the sur- 
rounding capillaries by intermediate branches of considerable 
size, which penetrate its wall either in a straight line, or with 
a short spiral twist. To scone distance from its outer sur&ce, 
the spaces destined for the reception of the liver-cells are seen to 
be vacant. A few isolated elements of very small size, full of 
yellowish-brown or black pigment-granules, indicate the former 
site of the secreting network. These, however, are seldom in 
immediate contact with the vessels ; there is a clear interval 
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between, nliich I agree witli Jiit'siatiecii iu recognismg as the 
interior of a lj*mpliatic vessel or perivascular space. Accordingly 
wo may regard the liver-ccUs aa having succumbed to the stasis 
of blood and 1^'mph iu exactly the same way aa they would have 
done to external pressure ; aud this condition extends to u 
voriabld distiuice from the centre of the lobule. The change 
nsually attains its maximum along tlie course of the principal 
veins. We may even tiud on the surface of the liver after its 
removal from the body, from three to five fissures running 
forward from its posterior border, growing shallower by degrees, 
and breaking up into a number uf smaller fissui'es; just as the 
bed of a river breaks up into a number of smaller tributaries as 
we njf^rotich ita source. These clefts correspond in depth to 
the Dumber of liver-cells which ha\e been destroyed. We find 
tliousundu of lobules, uoue of which contain a single cell ; some 
at© obsolete, others again imiy bo perfectly injeuttd. Together 
with them we find lobules which are only half destroyed, others 
which are still relatively whole. We must be very careful not 
to confound such a condition as this, with thoae forms of in- 
fl animation which lead to a growth of connective tLssue iu the 
portal cuuaU ; the subsequent contraction of this tissue giviug 
ri^ to inequalities of the hepatic surface precisely similar to 
those just described, the organ presenting a lobed and granular 
appearance (ttt Cirrhosis). It behovea us to be especially on 
our guard, aa red atrophy is not seldom found in conjunction 
with a prwIUeration of connective tisaue in the portal canals. 
We will not attempt any dogmatic explanation of this fact. 
We raight assume that the abundance of nutrient matter in the 
congested liver served as a predisposing cause of morbid growth ; 
with equal probability however, we might say that a primary 
cirrhoeiii hod become complicated by atrophy due to passi\-e 
Googestion. 

S 496. The combijiation of red atrophy with fatty liver has 
Ur^y been referred to (S -ISS). Distension of the peripheral 
layor of secreting cells with oil, recession with dork-red or 
browB ataining of the central portion of each lobule ; such a 
combination aa thui must obviou^y give rise to the most 
choructeristio Ibrm of "nutmeg" liver, Wu will call it the 
"pigmented nutmeg liver." 
■ S 497. Yellow atsopuv. (Acute yellow softening-) The 
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aggregate of lugUv cliaracteristic symptoms wluch constitutes 
'* malignant jaundice *' iicteruJi grarU)^ corresponds to an equally 
characteristic structural change in the liver, which gets its name 
of " yellow atrophy " from two of its principal features. jUl 
observers are agreed that within a period of from three to four 
davs or even less, the liver shrinks from its normal dimensioDB 
to an extraordinarily small size ; ^the contraction of the area <tf 
hepatic dulness may be traced by percussion during life). After 
death, the liver is found of a sulphur-yellow colour and veiy 
anaemic ; its surface is smooth, its texture so homogeneous on 
section that the individual lobules can no longer be distinguished 
with the naked eye. This last statement, however, is only true 
conditionallv. Frerichs and R. Demme have often detected 
remnants of hepatic parenchyma but little altered, embedded in 
the homogeneous mass ; they describe groups of lobules, of 
various sizes, which retained their normal structure so com- 
pletely, especially at their edges, as to allow the indiTidual 
liver-cells and blood-vessels to be recognised. Wherever tiie 
liver-tissue seems homogeneous, these structures are very im- 
perfectly if at all distinguishable. A granular mass, abundantly 
mingled with oil-globules of all sizes, and here and there with 
pigment-granules or blood-corpuscles ; blood-vessels and con- 
nective tissue as if sodden ; cr\'stals of leucin and tvrosin ; this 
is all that we can see under the microscope. The term " soften- 
ing" (biliary liquefaction — after Henoch and ton Dusch), which 
.some authors have applied to this condition, is grounded upon 
these appearances ; as regards the general aspect of the organ, 
the term is misleading ; for the liver as a whole is rather hard 
and leathery than softened. 

§ 498. The process which underlies yellow atrophy of the 
liver is still shrouded in darkness. We have undoubtedly to do 
with a dissolution of the hepatic parenchjTna, and especially of 
the secreting cells. Observers are nearly unanimous in attri- 
buting the dissolution to fatty degeneration. But from this 
point, opinions begin to diverge. Some recent inquirers (PA. 
Munkf Leyden, &c.) are inclined to assimilate this process of 
fatty degeneration to the changes which occur in phosphorus- 
I)oisoning ; indeed Munk suggests that all cases of acute yellow 
atrophy may really be due to phosphorus. The chief phe- 
nomenon in the disorganisation caused by phosphorus, is the 
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resence of oil-globulee in the liTcr-cells ; it is quite poasiblo 
wever that this is preceded by u parenchv^natous BwelUng. 
le latter phenomenon, according to another set of observers 
"" ^rirhs, Dnnmc) is the essential feature in yellow atrophy. 
y regard this disorder as resulting from an acute iuflamma- 
tion of tie parenchj-ma, which they believe to be principally 
seated in the peripheral parts of the lobule, and capoble of being 
demonstrated in the above- described remnants of hepatic tissue 
(Ji 497). They hold that the swelling of the peripheral zone of 
cells causes obstruction of the minute bile-ducts which issue 
from the lobule, followed by retention of bilo in its interior ; 
the reabsorpfion of this bile into the blood giving rise to the 
jaundice. This thoorj' is accordingly meant to take in the 
singular fact, flint while the larger bile-ducts are always either 
empty or el.'^G filled with colourless mucus, jaundice is invariably 
present. A third view (H^iioc/i, von Biisch) makes the retention 
of bile in (ho liver the starting-point of the disease. They 
believe that the hepatic cells are dissolved by the retained bile, 
and that the atrophy is therefore a "biliary liquefaction" of the 
liver. Wc know, however, that liver-cells may be kept in bile 
for days together without being dissolved. I think we ma^' 
Bpare ourselves the trouble of trying to explain malignant jaun- 
dice on the hypothesis that it is due to reabsorption of bile. 
Everything seems rather to point to its being a form of acute 
blood-poisoning, in the course of which numbers of red blood- 
corpuscles become dissolved, or at least give up their colouring 
matter; this, after being set free, undergoing conversion into 
bile-pigment without the aid of the liver. The morbid change 
in the blood would thus be the main element in the disease ; it 
manifests itself likewise by several hemorrhages, partly poren- 
cbj-matous (skin, mesentery), partly superficial (nose, bowels). 
Wietber the disturbances in the central nervous system are duo 
immediately to the poison, or result from the altered composi- 
tion of the blood, there is no decisive evidence to show. 
Fiiric/is thought that the leucin and tjTosin resulting from the 
disintegration of the liver-cells mingled with the blood, and 
caused the nervous symptoms ; but it has been shown by direct 
experiment that these substances may be introduced into the 

tulation in considerable quantities without producing coma, 
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'disorganisation of the liver is due tothedilvctor indirect action 
of the poison. We may either ascribe the destraction of the 
lirer-cells to tiie immediate operaticn of tiie poison (as in phos- 
phorus-poisoning), or we mar aasome that tiie blood, after 
undergoing changes in its composition, causes the dismtegnition 
of the cells. I incline to ibe former view myself, referring all 
he phenomena of the disease to the inunediate chemical eflfocts 
of the hitherto nndisooTcred poison. 

It has been established by a series of trustworthy obser- 
Tations ( Waldeytr^ Kleis), that yellow atrophy of the hepatic 
parenchyma may ran a more lingering course, and pass into a 
state which has been termed by KMs " red atrophy." Sudi 
Urers exhibit patches of varying sixe in a state of yellow a^roj^y, 
separated by depressed bands of liTer-tissue of a pale-red hue ; 
tiie latter are found under tiie microscope to consist of a lax and 
flabby connectiye tissue which contains oil-globules and granules 
of bile-pigment in narrow lacunar crevices, and besides these, 
cells resnnbling the ^ithelia of the biliaiy ducts arranged in 
r^^ularly branching lines and tubes which seem to end ccBcally. 
WaMeyer is inclined to regard the hitter as evidence of a repuaF- 
tory proliferation of epithelium, starting finom the bile-duets, 
and destined to replace the lost trabecuhe of hepatic cells; fMs 
however, repudiates this view, regarding them shnply as altered 
remnants of what once were secreting trabecuhe. 

§ 499. CiRCTMscRiBED ATROPHY of the hepatic paxvm^yma, 
beginning with a gradual shrinking and absorption of the liver- 
cells and obliteration of the residual fi^amework of blood-vessels, 
is found wherever the liver is subject to mechanical compressioiL 

The chief instance of this is ''atrophy from tight-laraig." 
Owing to the compression of the lower aperture of the Aorax 
by the stays, the liver is first of all squeezed together from 
the sides : it is thrown into a series of shallow folds whidi 
traverse the right lobe from behind forwards. At the same time, 
the edge of the thorax is pressed against its sur&ce. The 
lobules at this point become atrophied ; their place is taken by 
fibroid tissue, which appears on superficial examination like a 
thickening of the capsule intruding into the parenchyma. The 
capsule may, however, be really thickened as wdL A furrow 
is thus produced, which grows steadily deeper and cuts off die 
anterior part of the right and left lobes ; ultimatelv indeed, the 
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^Hkumexion of titeee lobes with their margins may be purely 
^^ Hgaraentous. The part thus " laced off" becomes rounded and 
nodiilar; all the channels which are destined to carry away its 
blood and bile, are compressed at some point or other, and 
undergo proportionate dilatation in consequence. Even with 
the naked eye we can see the turgid, varicose veins, as well as 
the bile-ducts, which are distended, not with bile, but with the 
clear mucona secretion of their lining membrane. The abnor- 
mal mobility of the free border of the right lobe may sometimes 
result in its being folded over and jammed imder the edge of 
the ribs. Inasmuch as the gall-bladder is attached to it, the 
location of the cystic and common ducts may give rise to 
indice from obstruction of the latter (Virchoic). 
§ 500. Partial atrophy of the liver may also be caused by the 
f exudations encysted between the liver and the dia- 
m, or collected in the pleural or pericardial saes. Similar 
9 may follow the pressure of abdominal tumours. T have 
mtly had an opportunity of observing a highly remarkiihle 
} of this kind. The patient was a ricketty puerpera. The 
lant ut«ni.'« had sqiieezedtheanterior half of the liver against 
tie riha so forcibly, that aide by side with an old fissure due to 
tight-lacing, there were many atrophic patches of more recent 
date. These were depressed bolow the surface, reddish -brown, 
^L^d very sharply marked off from the healthy parenchyma 
^HbRrand them ; the lines of demarcation being arcuate with their 
^Baenctt^'ities directed outwards, so that the patehes had a stellate 
form ; they \-nried in size from one millimetre in diameter to a 
superficial area of several square inches. The microscope showed 
a nearly total absence of hepatic cells, while the vascular net- 
work remained pervious to injecfian throughout. The case was 
undoubtedly one of subacute atrophy, since the temporarj' 
enlargement of the uterus can only have interfered with the 
liver daring a short time. It is worthy of note thut in such 
Oiuea the liver-ceUa are the first to suffer, while the vessels 
<«ntiiiue, for a time at least, unaffected. I om inclined to 
believe that a complete restoration of the atrophied parts is 
poBsible. This would necessitate the renewed occupation of the 
interatices between the veasels by secreting elements; these may 
possibly be developed from the few hepatic cells which stiU 
survive, or from the corpuscular elements of the connective tissue. 
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5. Inflajumation, 

§501. Parenchymatous infla^imation. When we find a 
liver moderately enlarged in all its dimensions^ of a yellowish* 
grey colour, anaemic, oflTering a peculiar inelastic and doughy 
resistance to the finger ; smooth on its surface, remarkably dry 
on section — not imlike smoked meat ; when we meet with all 
these characters, we are justified in referring them to a change 
in the hepatic cells, termed by Virchow " cloudy swelling," and 
recognised by him as the essential basis of parenchymatous 
inflammation. It denotes an enlargement of the cells due to the 
presence of a number of dark (albiuninous) granules in their 
protoplasm. Inasmuch as the protoplasm of the normal liver- 
cells also contains a number of granules, it is clearly a di£Scult 
matter to decide from the appearance of a single element 
whether the accumulation of granules is within or beyond the 
normal limits. In extreme cases indeed, the number of 
granules is so excessive as entirely to conceal the nuclei ; but 
such cases are rare. The increase in size too, is not a reliable 
criterion when applied to a single cell. The examination of fine 
sections yields far better results. The first point which strikes 
us in these is a marked enlargement of the lobules, with an 
increased distinctness of their outlines. I believe that thelatt^ 
phenomenon is due to an intense serous oedema of the inter- 
lobular connective tissue. The secreting network is somewhat 
thickened ; but we are much more struck by a certain disturb- 
ance in its structural relations. In place of the almost pedanti- 
cally regular arrangement of the individual elements, we find 
them loosely connected, in a state of disorder hard to describe; 
the chief point is that the cells are often separated by little 
intervals; many of them have slipped out of the ranks, so that it 
becomes incorrect to speak of the "trabeculoe" of the secreting 
network. It may be that the oedema of the portal canals^ 
extends into the interior of the lobules also ; it may be that the 
swollen condition of the cells helps to loosen their mutual con- 
nexion by rounding off their angles. Another point struck me 
as worthy of notice — a point of great importance for the inter- 
pretation of the suppurative inflammation which we shall con- 
sider next ; this is, that the connective- tissue corpuscles in the 
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^^Kortal canals, as well as the capillary nuclei, are in a state of 

^S'^*'''^''^^^^ irritation. Many of the capillaries are coated n-itli 

long rows or irregular groups of nuclei ; similar groups occur 

in the portal canals, but above all, in the interior of single 

lobules. The latter are so large aa to remind the observer of 

Eiliary abscesses. 
§ 502, DifiuHC parenchymatous hepatitis in its mildest form, 
met with in very many blood - d iseases ; e.g. in typhus, in 
B acute exanthemata (especially variola), in poisoning by 
rious chemical, septic, and animal agents, in puerperal fever, 
I. It is nearly certain that in all such cases, complete restora- 
tion to the normal state is within the bounds of possibility. 
For notwithstanding that the attention of observers has been 
directed for whole decades to thia point, no one has ever suc- 
ceeded in proving that acute parenchymatous inflammation is 
c-iijiabte of any other issue. We have already seen, indeed, that 
some authors regard acute yellow atrophy as an issue of paren- 
chymatous hepatitis ; and I myself am inclined to think that 
idiopathic abscess of the liver may be the final rcsiJt of a difl^use 
parenchymatous inflammation. In either caso however, there is 
t evidence enough to decide the question. 

( % 503. Sll'PURATIVK lSKr.AMMATION. ^VhstESS OF THE 

We distinguish between idiopathic abscess of the liver, 
1 the deuteropathic or metastatic form. The latter is a result 
\ thrombosis or embolism. The obscesacs arise whenever in- 
latory and suppurative changes in any part of the organism 
ticularly within tlic ai-ca of the portal vein — cause coagu- 
1 of blood within the vessels. The thrombi may extend 
a the area drained by the portal capillaries directly into the 
1 trunk and branches of the portal vein (Pi/lep/ilrlii/is in the 
nitod sense of the term) ; in the majority of these cases how- 
BT, as in all those where the primary mischief is not situated 
^n the portal area, the secondary affection of the liver ia due to 
llic intervention of embolism. j\jnong the earliest results of 
morbid anatomy was the empirical observation that abscesses 
i tmfrequcntly formed in the liver after injuries to the head. 
I these and similar cases we ought always to make sure that 
t liver has not been wounded by a rib fractured during 
B some accident, or damaged by succussion. Apart from such 
kidents, however, there remains a sum-total of metastatic pro- 
IvoL. II. h 
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oesses which may be grouped under three heads : — Ist, hepatic 
abscesses secondary to mischief in the portal area ; 2nd, abscesses 
secondary to disease at any point in the pohnonary or systemic 
circnlation (associated in the latter case with embolic deposits 
in the Inngs). In these latter cases we have grounds for 
assuming that coagula formed in the pulnuHiary v^ns make 
tiieir way through the left heart into the hepatic art^y ; 3rd, 
hepatic abscesses secondary to disease in the domain of the 
systemic circulation^ without the simultaneous oceurrraice of 
abscesses in the lungs. This series can only be explained by 
supposing either that the pulmonary capillaries and the anasto- 
moses between the pulmonary artery and veins are pervious to 
emboli of small size, or that the examination has not been 
conducted with sufficient care. Closer investigation usually 
discovers that apart &om the principal wounds, abscesses, &c., 
which abecM'b all our attention, there exist some lees extensive 
lesions causing thrombosis in regions from which the portal 
vein can derive an embolus (r.(/. at the neck of the bladder, in 
the hannorrhoidal plexus, &c.). 

§ 504. The anatomy of hepatitis leading to abscess is always 
the same in its coarser features. The finer details, however, 
the interconnexion of the individual fSsu^tors of the process, are 
m^odified to some ext^it in accordance with its mode of origin, 
as will be se^i hereafter. By the coarser features, I understand 
the development of pus in the portal canals, the growth of the 
abscesses, the formation of pyogenic membranes, 4c. The 
reason why the suppuration always sets out from, the portal 
canals is to be sought in the greater abundance of connective 
tissue in their interior. These two fiu^ts used formerlv to be 
connected by making the pus-cells actually originate by proli- 
feration of the connective-tissue corpuscles. This view, however, 
has lost ground since the publication of Cohnheim^s researches 
(^rt §89). For though it must always have seemed rather odd 
to every conscientious histologist, that in the usual picture of 
connective-tissue proliferation (fig. 106) the actual dirmoa of the 
elements was very seldom to be seen, the theory resting merely 
upon the presence of large and small chains of cells at a point 
where only a single connective-tissue corpuscle might fairiy have 
been aqMcted to lie ; neverthdess r. Erdtlingkaufm'^ discoveries 
coaocmmglihe ^migration of connective-tissue ooipusdes" were 
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the first which compelled us to modify our ^-iews. The young 
cells which occupy the lucusor intorstice.i of the coimective 
tissue in irritations of a local character, hud to he regarded as 
for tho most part " imini grants." Still, they were the same 
corpuscular elements, only derived from tho neighbouring con- 
nective tissue inst43ad of originating on the spot. Even now, 
we cannot regard the connective tissue as wholly barren, since 
an experiment of t: Rvcl-Uiighawii'H'H has proved that a moderat« 
amount of corpuscular proliferation may take place under suit- 
able couditious even in portions of the cornea which have been 
excised. Still, the connective tissue as a source of young ceils 
has fallon very much into the background since we have learned 
that the colourless corpuscles may emigrate from the blood- 
vessels and so give rise to all sorts of plastic infiltrations. 
msiderationa recur to our minds whenever we meet 
with suppuration, and indeed with heterologous foimations gene- 
lally. We have to remodel our conceptions in accordmice with 
and while continuing to speak of "corpuscular iniUtra- 
in of the connective tissue," we must bear in mind that the 
infiltration" is use*! more strictly than before, to denote 
ipregnatlon with the constituents of the blood. Now as the 
tive tissue furnishes an inve-stment for the vascular system, 
iDtervening between the blood and the parenchyma, we can 
plainly see how it is that the connective tissue is so favourite a 
seat of morbid formations. 

Retaming to our proper theme, abscess of the liver, we may 

ilain the invariable commencement of the suppuration in the 

irtul canals by the fact that these canals contain more vacant 

TOSceptible of distension, than exists in the interior of 

lobules. In addition to this cause — at any rate when the 

are due to thrombosis and embolism — we have the 

tumstance, that the immediate cause of the mischief first 

iters the portal canals. From this point however, the textunJ 

iges begin to diverge. 

S 505. If the case be one of thromhosis of the portal vein, 
we can trace the disintegrating blood-clots along some branches 
of the vessel almost as far as the point where the smaller inter- 
lobular veins arc given off The walls of the vein everywhere 
exhibit those appeanmces which I have elsewhere described as 
charactmetic of acute phlebitis (§ 212). The capsule of Gliason 
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if kl^c* cxSiESifCT*^ iJiaC^f^ snd sn f^Vfy^ cf fcme sixe is not 
im&eiqiieEiI^ iDti ^wA bmmf&ta^ Tvnsd tibe trunk of the 
pcrtLl trpt- T^ "iTfcZlf if liie ^rte^ftinkr tobs i*^ no longer 
difgrrgci^lAlfe ir^jsL TiHiir ImiiiiL. F^r Hber mre ao completely 
l ai p r e g ia Kied -wii <*:i:«crie«if f^arpnade* l3m ther blend with the 
CT B-KsiU cf the T^e«»H^ w^w. ilac' oonsafS cDtirdT <if oolooriess 
«elli.* These ekmgsi^d. nrSadricaL soBetimes brandling' 
bodieiw vbk'lr mar x-enr weS be ccmpfti^d to tbe core of a boiL 
lie baxbed in Equid po^ bi a caThx ibnned brtae e ii tbe vessel 
and iu £lnm« fhestth. Tbe prr:T:a<ci]]ar dieath itaelf is so- 
abundantlT infltraiied vfih leneoerres that it torwoB a cushion- 
like lajer about a qnarser of a line in thickness, which appeal^ 

of an intesise white cokwr to the naked ere. This layer is evenr- 

• • • 

where intercalated berveea the portal Tcssds and the hepatic 
parenchyma, and a> lucky s<ctioii5 may brinp considerable tracts 
of the former into view at <nice. the throtnbodc ahsoeas in a 
certain stage of it< devdopment may resemble a twig with its- 
leares. Each leaflet c*orresponds in sixe, more or less closely, 
to a normal lobule ; but the two must never be confounded ; for 
the leaflet is really made up of a degeneiated interlobular vessel 
as its mid-rib, and the intiltrated perivascular sheath, seen in 
section, as its blade. The latter must also be regarded as the 
first rudiment of a pyogenic membrane. Its ceUs are derived, 
not from the interlobular ves^^et but from the surrounding 
parench\'ma. Hence it is organically united with the latter 
structure, and injected specimens show that it is only its inner 
surfS^x?, that turned towards the vein, which breaks up into or 
Kccretes pus, while its parench^nnatous side is made up of vascu- 
larised embrj'onic tissue. The parenchyma is thus protected 
from suppurative disorganisation; I have never succeeded in 
detecting any extension to the lobule itself, or any thrombosis 
of the hepatic veins ; but the parench}ina suffers all the more 
from the mechanical effects of the enormous distension of the 
interlobular 8pace«. In sections which traverse several adjacent 
{lOrtul canals at right angles to their axes, we may see how 
the intervening lobules are first altered in structure, and finally 
(loHtroyod by the pressure to which they are subjected. The* 



♦ ('f. DuhPH recent iiiv(?Htigatioii8, quoted in § 530, concerning the wn>' 
in which the celln contained in the vessel originate. 
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IrubecultD of the secreting network whicb originally radiate, 
like the blood-resacls, fmm the central vein, are compressed 
in the direction of their length ; the spheroidal surfuce of the 
diluted portal canal govcniiiig the arrangement of the rows 
of colls. Those Lotne to funn eonccutrig kouch round the portal 
'CSnal, the number of »onca being proportionate to its calibre. 
It Boon becomes difficult to distinguish the site of the central 
Vein; and inasmuch aa thJH point is the centre of the former 
Btrnctui-al gioupiug, we may regard its disappearance as a 
proof that (ho old slrncture is obsolete. At a later period the 
exiatvuce of the ceUa themselves is jcoiMirdisod. For the more 
niplctely they are groui>ed in the concentric zones above 
iudud to, and tho more the centrifugal pressure tends to stretch 
and burst these zones, tho more also do the cells deiiate from 
their original ouboidal fonii ; they become narrower, then fusi- 
form or ribbon- shaped, and finally so slender as only to deserve 
the name of fibres. I have never succeeded in making out that 
iboy take any part in the proliferation by undergoing fission 
and endogenous multiplication. Ilerc and there indeed, we 
may come across a cell with several nuclei ; but one cell goes foi' 
verj" tittlo. The majority obviously waste away and perish, and 
when tho lobule is finally obliterated, tho layers of einbrj-onie 
tisHuc which surround the mljacent portal canals come into 
contuct with one another, and coalesce to fona a new structui'al 
unit. Thia new unit in nearly of the same size and shape as a 
uonual lobide ; bul it is not identical with that anatomical unit 
which I formerly warned tho i-eader not to mistake for a lobide ; 
it really does n-plarr a lobule; but neither is it a "lobule 
which ha« suppurated," however much the ajipcct of these 
" iit« granules, freely suspended in the pus and limiting the 
netu-cavity on all sides, may tempt us to think so. It 
the greatest mystification which pathological histology can 
er to the naked eye; for it leads the observer to conclude 
[Voluntarily, that in abscofls of the liver, the lobules aro simply 
>2naccrutod in the pus which fills the portal canals ; whereas the 
mpposod lobiUes are really nothing more than shreds of the 
pyogenic membi-ane, tlie heimtic parenchyma having disappcuriyi 
long before. 

As the abscess gets larger, one pseudo-lobule after another 
in*It« away, while new ones are continually being formed and 
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isolated at the periphery. It is only the main branches of the 
hepatic vein which still persist for a long time as points of attach* 
ment for considerable nmnbers of pyogenic pseudo-lobules; 
and this contributes not a little to give the cavity of the abscess 
a ragged and irregular appearance. 

§ 506. The embolic abscess diifers from the thrombotic 
variety only in its earliest stages. It begins with a circum- 
scribed congestion, limited to that portion of the liver which is 
supplied by the plugged vessel, whether this be an artery or a 
branch of the portal vein. The congestion is most intense ; the 
capillaries are distended to their utmost ; it usually terminates in 
complete stasis. The condition in question is strictly analogous to 
that which results from embolism in the lungs ; it diflFers only in 
the absence of the ha^morrhagic extravasation which usually occurs 
in the lung. The liver is in general less liable to parenchymatous 
haemorrhages than any other organ, notwithstanding, perhaps 
indeed because of its great vascularity. For a vessel to give 
way, it is needfid that there shoidd be a difference between the 
tension of the blood within it, and the pressure of the paren- 
chyma outside it ; now in the liver, any degree of tension, how- 
ever excessive, is at once transmitted from the vessels to the 
secreting network. There is no room for the blood to escape. 
Haemorrhage into the liver only occurs when abnormal cavities, 
into which the blood can be poured, have been produced by acci- 
dent or disease. The extreme stagnation which we have referred 
to as the first stage in embolic abscess, may however be regarded 
as equivalent to an extravasation, to a heomorrhagic infarction. 
For it woidd appear that the circulation is quite as incapable of 
being restored in these cases, as in the haemorrhagic infiltrations 
of other organs ;' the whole of the affected portion of the liver 
dies and becomes a caput mortmimy towards which the subsequent 
inflammation and suppuration stand in the relation of secondary, 
reactive or sequestrating processes. As is seen in the annexed 
drawing (fig. 143) the limits of stagnation coincide most strictly 
with those of the hepatic lobules. The sequestrating inflammation 
and suppuration are also limited, at least in their beginnings, by 
the marginal boundary of the lobules. To a distance of 2 to 3 
lines all round the congested part, the lobules are swollen and of 
a greyish hu' . b). For the most part, they present the 

characters ( lymatous inflammation described above ; 
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tbe secreting ooUb of those lofauks whlcli adjoin the bealUiT tiwue 
being in a state of tcdema and doodj swdiing. Tluwe loboln 
(m the other hand which adjoin the otmgested part, are in a nsy 
different condition. They are permeated by innnraenhW poa- 
oorpuscles, and are evideiitly cm the iraj to complete liqne&c- 
tion. Hie pns-corpuacles lie between the rows of secreting 
eells, outside the capillary walls. Our former views would have 
led us to derive them from the proliferation of the ciq»llMy 
nuclei ; and in this particular case I am loth toadf^ tlwmodem 
theory (see above) ; for, as may be seen in preparations which 

rm. 143. 




EmUtlic alncessts of the liver, after Frtridui* a. Zone of stagna- 
tion; b. Zone of jiarenchj-malous inflammation; c. Xonnal 
parenchyma ; v. Hepatic vein. 

have been pencilled out, the colourless cells form little aggregates 
djiypawl alternately along the vettaela — au arraogement which 
forcibly recalls that of the capillary nuclei. I have not been 
able to diacover that the hepatic cellii take any active shore in the 
pus- formation ; but it seemed to me as though the disorganisa- 
tion were coincident with the disappearance of their protoplaam 
and the liberation of their nuclei. 

• FrtriJit, at is justly reiuarketl by KUba, dues not recognise the 
"embolic" choiacter of the dejioait which he figures. Nevertheless his 
figure agrees ho perfectly with the appearance of those embolic deposits 
whidi I have myself invest^ated, that I thought it hardly worth whil* 
t« iuwUe the matter afresh. 



104 MORBID ANATOMY OF THE LIVER. 

So much for the first stage of embolic hepatitis, during which 
it differs from the thrombotic variety. Thrombosis of the portal 
vein, so far at least as its branches are included in the domain of 
the abscess, now associates itself with the inflammatory changes, 
and the suppuration is concentrated, in the manner described 
above, roimd the portal canals. Abscesses which have outrun 
the limits of a cubic inch, cease to be anatomically distinguishable 
from one another ; provided of course that they are still in pro- 
gress, still extending. 

§ 507. I have already suggested that idiopathic abscess of 
the liver may represent one of the terminations of acute paren- 
chymatous hepatitis. I based this view partly on the occurrence 
of isolated corpuscular infiltrations in parenchymatous hepatitis, 
partly on the presence of the latter affection in the initial stages 
of embolic abscess. The reason why our information on this 
point is so inadequate depends on the rarity of idiopathic abscess 
of the liver in European countries; it is endemic in India and on 
the African coast. The disease runs an acute course, with fever, 
jaundice, and enlargement of the liver. After death, colossal 
accumulations of pus are often found in the thickest parts of the 
organ, particularly in the hinder part of the right lobe. 

§ 508. Traumatic abscess of the liver has recently been 
investigated afresh. On the third or fourth day after irritating 
the liver with red-hot needles, &c., Kbster foimd dense aggre- 
gations of colourless blood-corpuscles surrounding the divided 
vessels in the interlobular connective tissue. The columns of 
hepatic cells recede fi*om one another, colourless blood-corpuscles 
occupying the intervals. Holm assumes that the liver-cells also 
take an active share in the suppurative process. Upon the 
whole, traumatic suppuration of the liver appears to follow the 
analog}' of the thrombotic varietj'. 

g 509. The further course of hepatic abscess is the same in 
all cases. It becomes a question whether the abscess, owing to 
progressive liquefaction of the parenchyma, will reach the surface 
of the organ at some point or other, or whether the pyogenic 
layer will be thick enough to resist the chemical action of the 
decomposing pus before any such catastrophe can occur, and go 
on to produce a capsule of tough connective tissue. In the 
latter, fortunate event, the pus-formation gradually subsides; 
what pus there is, becomes inspissated and is finally absorbed. 
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knving ii smnli t'lieesy oi' utlcarcous residue. The fibi'ous oapsiilt? 
|tfartiilf8 into a stellate cicatrix, whicli cnimot of courtse adequately 
teplacp the very coumderable loss of substance. Should the 
tbeccss, on the other hand, go on inereasing, it reiiehcs the eap- 
Ic oi' the liver; inflamnmtory adhesion of the latter to the 
isitc surface of the peritoneum may ward off the risk of [k-i'- 
ii'atioii into the abduiniuul carity; foi" this, however, the adhesion 
lUst bo tolerably fiiin, as the pus has often been known to rup- 
a feeble adhesion, and so to force its way into the peritoneal 
Grunting this dauger to be past, the adhesion guides the 
mppui'ativc process step by step to other organs. The diaphragm 
18 most commonly perforated, at the risk of setting up plciuisy ; 
supposing thi.s risk also to have been eluded, a .suppurative 
iiiBammutioa of the lung is imminent ; finally the ubseei^s 
:e8 its way into a bronchus and its contcutH are evacuated 
lugh the air-passages. Should the lii-er have become ad- 
'hprent to the anterior abdominal wall, the pus never penetrates 
to the surface in a straight line. It teuds rather to creep round 
tke bellies of the musclea and to point somewhere else, neai- the 
xiphoid appendix or in the lust intercostal space. Perforation 
sometimes, though very rarely, occurs into the stomach, colou, 
duodenum and biliarj' passages. 

$ 510. 1ni)i;kative ixflamsiation. The foundation for this 

I laid by chronic or recurrent atiire congestion of the liver. 
flverybody knows by tho familiar sense of fullness and 
flpppression in the right hvpoehondrium, the livor increases in 
bulk after everj' meal ; moreover it has been proved by vivi.sec- 
tioD that the livor shares in the digestive hj-pencmia of all the 
abdominal viscera. Improper food, pungent condiments, and 
above all, alcoholic excesses, render this physiological hypera;miu 
abnormally intense ; it subsides lees completely aft«r each recur- 
3, until at last it becomes chronic, Intenniftont fever like- 
givett rise to an active congestion of the liver, chai'acterised 
tho very marked enlargement, or as it used to be called 
engoHemciit" of the organ (ague-cake). In either case it is 
Uie first imp<jrtancc that the physician should restore the 
rgim to its nonnul size while the condition of bj'pcrEeniia is still 
icomplicated. Otherwise they both inevitably lead to a lasting 
and absolutely irrepirable organic change, which manifesto itself 
broadly as an overgrowth of the intcrlobidar connective tissue. 
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It is quite possible that here, as in suppuration, the change may 
partlv depend on un immi^^tion of leucocytes from the veaad^ 
especially from the interlobular t^-igs of the portal vein. We 
hare hitherto been content to truce indurative inflammation tran 
its etarting-point in un accumulation of young cells immediately 
around the portal vessels. In a preparation given to me l^ 
Billroth, clusters of embr^'ouic elements may be seen at the 
points of junction of three or more lobules ; they correspond 
therefore in position to the terminal branches of the portal vein ; 
and according as the portal canals have been divided traa>- 
versely, obliquely, or longitudinally, they present the form of 
Fi( 144 
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InJuiatte bepat tu First stage a Interlobular veaseb hip- 
roimded by on lufiltration of aioall cells v IntnlobuUr 

vesaels. 3J5. 

circular, elliptical or branching figures (fig. 144), It is seldom 
indeed that we have on opportunity of observing the overgrowth 
of the interstitial connective tissue at so early a stage. Aa a 
general rule, we find the portal canals occupied by a connective 
tissue principally made up of fibres, and containing but few 
corpuscular elements, a tissue structurally homologous with that 
of a cicatrix. True embryonic tissue is either wholly absent, or 
only appears in the form of a narrow belt intercalated betwe^i 
the cicatricial tissue (a) and the parenchyma (6), (fig. 145). 
The latter appearance is verv common ; it gives us some insight 
into the mode of extension of the h}-perplastic tissue, into the 
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idiology " of the procoaa. The c-leraents priniarily intilh-ated 
. 144) into the portal canals, have already been uonverted 
into cientricial tissue. This transl'ormuttoii begins in the centre 
of the deposit, in the immediate neighbourhood of the portitl 
veaeels, and extends gradually outwaids. In the meantinie, aitd 
before the whole of the existing ejubryonic tissue has been 
converted into tibroid tissue, the corpuscular infiltration has also 
d and spread, forming u marginal zone which iuter\'enes 

s between the cicatrix and the porenchjTiia. 
1. It is obvious that these newly-formed products must 
e very much with the secreting tissue of tbe liver. They 
Fio. 145. 




labve hepatitis fHXunii ntagc; k u. tiruwl Lauds rif hbrons 
ccnmubtive tissue, permeated Bbiuidantl) b\ leHHcls without 
ir walla, uiid separated tiuiii b bv lui itiU.riu]ited lu^er of 
younj, loiuilUivl Ussul h tiruupe nf bilmlcj, mfiltratuJ 
with fatt\ matttr at their edges -}j^ 

JkHua chieflv m two wavt First the young connective tissue 
invades the adjoimng lobules thi& ma\ be seen whereier the 
ztHic of nihltration, so often alluded to, is at all well-marked 
The Iiver-cells disappear in proportion as the young connective- 
tissue elements force (heir way along the tapilhirj' vessels, and 
between the colimma of secreting cells. Step by Bt*p, single 
lobules or whole groups of lobules which are included between 
any two or three adjacent portal canals, are destroyed. No 
sooner have they ceased to exist, than the deposits of embryonic 
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>t issue, advancing from all sides, meet and coalesce, just as the 
waves close over a drowning man ; nothing being left of the 
hej)atie structure beyond connective tissue and vessels. 

A second, and upon the whole, an even more efficient factor 
in the disorganisation of the secreting substance, is the con- 
stricting force exerted by the connective tissue during its 
fibroid transformation. The "cicatricial contraction" (§ 93) is 
-eminently marked in the present case. Its action increases 
progressively in power as we pass from the finest di>4sions of 
the portal canals to their main branches and finally to their 
trunk. The inevitable consequence is a contraction of the entire 
organ, a shrinking of the liver in all its dimensions. If we go 
on to inquire which of its component parts is most afiected by 
this contraction, we again find the secreting parenchyma of the 
lobules in the first rank, inasmuch as it is least adapted to 
withstand mechanical force. The terminal ramifications of the 
}K)rtal canals are coiled round corresponding bits of hepatic 
parenchyma like so many halters, while the traction which 
steadily tends to tighten the nooses, and finally to run them 
•close, is propagated from their conmion trunk. The intrusion 
of the connective tissue into the lobules, to which I have already 
referred, may be regarded from this point of view as the means 
by which the interlobular traction actually obliterates the lobular 
parenchyma; we might even argue that the advance of the 
corpuscular infiltration was directly due to the interlobular 
pressure ; so that the atrophy of the secreting tissue would thus 
be ascribed to a single connected process instead of two inde- 
pendent factors. 

§ 512. So much for the textural changes which invariably 
recur in the same order in all forms of indurative hepatitis. We 
can distinguish broadly between three varieties of the disease — 
•the indurated, the gi*anular and the lobulated liver. The occur- 
I'ence of one or other of these forms is determined by the 
localisation of the connective-tissue development either in the 
finest ramifications of the portal tree, or in it« medium-sized 
divisions, or finally in its main branches. 

Induration of the liver. A unifoim contraction of the 
organ in all its diameters associated with a marked condensation 
•of its texture, with a wooden rigidity and dryness, with a dimi- 
nution in the size of the individual lobules which are framed in 
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'Wliitisii strips of connective tissue — tbeaeare thcoliuiiges, wlik'li. 
taken together, inuke up what wctall " induration of the liver " 
imr ejrclfnice. The overgrowth of the connecti^-e tissue is dis- 
Iributed with the utmost uniformity throughout the whole inter- 
lobular system ; each lobule is separated from its neighbours bv 
a fibrous septum, each is individually exposed to the wasting 
pressure of the cicatricial tissue ; and this is the reason why w(- 
to observe, in contrast to the cirrhotic liver, any protrusion 

the relatively healthy parenchj-ma above the level of the 

;ernal or sectional surface, and why the indurated liver seein-i 
it slightly granular. 
Induration of the liver is most common us a sequela of lonj;- 
conttixued ague. Thus we occaBionally find it associated with 
another series of structiii-al alterations, referred to m S 1S4, 

the fonnation of melaiitcmic pigment in the liver. ^VTien- 
takes pluce, the indurated organ is slate- coloured, and we 
eon see black flakes of pigment in large numbers roimd the 
I»ortal veins and capillary vessels. These flakes are either the 
remuina of haemorrhages which have previously occurred, or 
they may have [jenetrated through tho walls of the vessels in 
"Ihcir existing form. In any case, they ought never to be mis- 
[•teken for wasted liver-cells ; for they arc always situated between 
Hhe pen'ious capillaries and the intact columns of hepatic cells, 
thua presenting all the appearance of having been "infiltrated," 
of haTing "forced their way in." 

§ 513. GRAsri.AR LiVKR (CiRBiiosis). Should the growth 
of coanective tissue be restricted to the portal canals of large 
and medium calibre, proportionately larger segments of the 
secreting parcuchj-ma will be included and " laced ofiF." Tlie 
lintire mechanical eflfect of the indurative inflammation is eon- 

itrfited in particular directions ; all the lobules which lie in 
tlicse directions are utterly destroyed ; the adjacent ones siittur 
to a greater or less extent ; while the intermediate portions of 
thn parenchyma continue relatively normal, though they are 
subjected to a degree of lateral pressure which makes thom 
bulge outwards wherever they can find room to do so. Tim 
entire surface of the cirrhoaed liver is accordingly studded witli 
hemispherical elevations, which varj- in proportion to the sizr 

the parts " laced off," from the dimensions of half a millet- 
to those of half a filbert, op more. Thin "granulur" 
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aspect is also, though less distinctly, presented by the cut 
sur&ce of the recent liver. The granular elevations are not 
therefore, as Laemiec erroneously supposed,* the diseased part ; 
it is the connective tissue between them which is abnormal; 
indeed they represent what is left of the healthy parenchyma. 

In speaking of the hepatic parenchyma as '' healthy," my 
words must not be taken too literally. The secreting cells are 
very commonly fatty ; where they adjoin the fibroid tissue, they 
often exhibit an intense degree of pigmentary infiltration, which 
may reasonably be regarded as a part of the disorganisation 
which is here in progress. We are most struck, however, with 
a singular disorder in the ranks of the secreting cells, which 
makes it impossible to distinguish the limits of the individual 
lobules, and so to ascertain how many of them are contained in 
each of the granular nodules. 

The h3rperplastic connective tissue likewise merits a more 
detailed consideration. Its analogy with the fibroid tissue of 
scars, to which I have already referred, might leave the reader 
under the impression that it is scantily provided with vessels. 
Quite the contrary; the white, scar-like tissue is abundantly 
permeated by blood-vessels, which, in well-injected specimens, 
may leave us in doubt whether they, or the hyperplastic tissue 
take up most space. These vessels cannot be shown to possess 
a proper lining membrane; instead of it, we find the most 
sujMjrficial stratum of the connective tissue covered with a single 
layer of epitheliimi ; this gives the entire structure a certain 
likeness to cavernous tissue. These peciiliarities are imdoubtedly 
connected with the great vascularity of the normal liver. It is 
only on condition that the greater part at least of the blood 
which continues to flow to the liver shall find a passage through 
it, that fibroid changes of any magnitude can be permitted to 
occur within the organ. Much of course depends on the ten- 
sion of the affluent blood ; this is very much higher in the 
hepatic artery than in the portal vein or its branches ; hence 
the curious fact that the lacimar spaces in the fibroid tissue, 
as is shown by injection, receive their blood, not firom the portal 
vein, but from the artery. The portal vein is often found 
obliterated from its medium-sized divisions onwards. In one 



♦ Laennec identified them with cheesy tubercles. 
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J, the greatest force I could exert did not enable me to fill 
more than the trunk and its three or four main divisions, from 
the portal vein. These proved moreover to be much dilated, 
and a more thorough investigation showed that the portal blood 
had not been transmitted through the liver at all, but had passed 
directly into the inferior cava through a number of dilated 
anastomoses between the mesenteric and spermatic veins. In 
other cases, the portal blood flows immediately into the granular 
islets of parenchyma, from whence it makes its way into the 
lacunar system of the cicatrices, while the latter can be directly 
filled from the hepatic artery. 

The distribution of blood in the cirrhotic liver seems to be 
chiefly regulated: (1) by the compression and obliteration of 
the branches of the jjortal vein by the cicatricial tissue, while 
(2) the area of distribution of the hepatic arterj^ is steadily 
enlarged. The narrowing of the portal vessels gives rise to the 
manifold eflects of passive congestion in the intestines and 
spleen, to ascites, &c., and determines the oponing-up of col- 
lateral anastomoses between the portal vein and the inferior 
cava. The extension of the arterial territorj^ allows the hepatic 
artery to take some of the duties of the portal vein upon it, the 
bile being thenceforward mainly elaborated from arterial blood. 

The hepatic ducts seem as a rule to remain pervious. Some- 
times, though rarely, we come across a granular islet of 
parenchyma, whoso dark-yellow, brown, or even green colour 
teUs us that its efferent duct has been compressed by the 
cicatrix, causing retention of the se(*reted bile. The tolerably 
frequent occurrence of jaundice in cirrhosis of the liver must 
therefore be ascribed merelv to obstruction of the orifice of the 
ductus choledochus by swelling of its mucous lining, in con- 
aequence of a simidtaneous catarrh of the duodenum. 

S 614. Lobulation of the livkr is usuallv associated with 
gfranular cirrhosis. Due to the same causes, produced in the 
same way, it merely shows what striking deformities must 
naturally result when the main trunk of the portal tree, 
together with its principal divisions, is involved in fibroid de- 
generation. It is then that the natural division of the liver 
into lobes, masked during health, and which, as we already 
know, is due to the grouping of the parenchyma round the 
larger and medium-sized branches of the veins, manifests itself 
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more or less strikingly. The granular islets either form secon- 
dary elevations on the surface of the lobulated organ, or else we 
find a gradual transition from the smallest granular nodules 
through an ascending series of larger ones to the walnut-sized 
•segments of parcnchjina which make up the lobulated liver.* 



6. Tumours. 

§515. Cavernous ixmours. The selection of subjects by 
pathological histologists, and the order in which they have been 
taken, has not always coincided with the practical needs of the 
physician. But for this, we might justly have wondered that 
while some most important questions concerning the origin and 
growth of cancerous tumours of the liver are still unsettled, a 
tumour which is utterly insignificant from a clinical point of 
view, the cavernous tumour, should at an early period have 
attracted the attention of our best observers. Not onlv do we 
possess a thorough knowledge of the minute structure of these 
occasional gaps in the substance of the liver, varying in size from 
a pea to a walnut, sharply circumscribed, filled with erectile 
tissue, and therefore, even when half empty, of a dark purple 
colour ; but we also possess a theory to account for their origin 
and development, started by Vire/ioic, and which is far more 
than a mere hypothesis. 

§ 516. The proper substance of the tumour consists of a 
trabecular network of connective tissue, whose interstices are 
open to the blood. If we examine one of these trabeculce imder 
the microscope, we find that it consists of a single layer of pave- 
ment-epithelium, spread over a fibrous basis-substance which 
contains a limited number of spindle-shaped corpuscles, believed 
by some observers to be unstriped musctdar fibre-cells. Net- 
works of elastic fibres, partly surrounding, partly traversing the 
siMiccs, give the entire structure a certain resemblance to the 



* Pathological lobulation of the liver must not, of course, be con- 
founded with congenital lobulation ; in the latter, there is no overgrowth 
of connective tissue. Again, it may be mistaken for syphilitic disease, 
an error for which there is some excuse, as indurative inflammation 
and the production of cicatrices do really form part of the latter 
disorder (Cf. § 521). 
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Iveolar acptii of the lungs. The iivei-ago size of the enclosed 

wees also corresponds to that of the ttir-cells. As regards 

Vatructure, I need only add that the septa radiate from one or 

Kttiore centres situated in the middle of the tumoui' ; centres which 

■W only distinguishable by their containing a somewhat larger 

fraocumulation of connective substance, but whose nature and sig- 

ificance can only be understood from a consideration of the 

srelopment of the tumour. 

On examining the periphery of the tumour with the micro- 

', we soon discover that it is everywhere separated from the 

jatic parenchjTna, by a moderately wide layer of connective 

tissue ; here and there, this connective tissue may be seen to 

send a three-cornered process into the interval between two 

4ldjacent lobules. These processes also contain blood-vessels ; 

"tat they are loss numerous, and separated by wider bridges of 

inectivo tissue. Here, if anj-wbere, we get an insight into 

B development' of the tumour ; it consists in an interlobular 

BPgrowth of connective tissue, followed by cavernous inetu- 

ihosis (§ 130). The tumour is thus related to interstitial 

laHtis on the one hand, to the development of tibroid tumours 

on the other. We found the connective tissue remarkable for its 

vasculurity, even in cirrhosis ; it was then hinted us probable, 

mt this vascularity might depend on a local cause, vix. the 

8 vascularity of the liver itself; ajid we may invoke the 

J cause in the present ease also. Here it gives rise to the 

ivelopment of a telangiectatic or erectile, instead of a simple 

fibroid groBih. 

§ 517. This insight into the development of the tumour 
renders it needless to try to refer its lacunar spaces to dilatation 
of the pre-existing arteries, veins or eaptllaries. The hepatic 
parenchyma with all its vessels is destroyed, lobule after lobule, 
rory slowly, but very completely, without any antecedent dis- 
rtion ; its dertmction being due to the pressure of the gro^vth 
B it extends along the smallest portal canals. With the arrest 
t the capillary circulation, tho corresponding branches of the 
n collapse, idtimatclyformingtho.se denser accumula- 
8 of connective substance from which the septa of the fully- 
STelo]>ed tunionr appear to radiate, because the gTO«-th ha.^ 
Bi verged from idl sides toward* them, /.'■. towards (he centre of 
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Virchow^s injections show that the lacunar spaces, of the 
tumour may be filled both from the portal vein and the hepatic 
artery, but not from the hepatic vein. This, also, is explained by 
the development of the growth. The portal canals contain only 
branches of the portal vein and of the artery, and a tumour 
which grows in these canals will naturally get its Uood from 
these vessels, and not from the hepatic veins, from which it is 
separated by the lobular parenchyma. 

§ 518. The secondary metamorphoses of these cavernous 
tumours may be dismissed in a few words. I have once seen a 
partial obliteration of the lacunar spaces, undoubtedly caused by 
a previous coagulation of the blood contained in them. The 
central part of the timiour (which was about the size of a hazel- 
nut) was occupied by a tough white nodule, as big as a pea ; 
this nodule being surrounded by a zone, a line in width, of per- 
vious erectile tissue. A vertical section showed, however, that 
the septa extended all through the nodule ; so that the lacunar 
intervals must have been filled up by a secondary development 
of young connective tissue. 

§ 519. Cysts. Putting aside hydatids and accidental cysts 
(softened cancer-nodules, abscesses, &c.) there remains only a 
small group of hepatic cysts, all of which must be regarded as bile- 
ducts, dilated in consequence of retention. Such cysts are s(»ne- 
times single and of considerable size ; sometimes, though rarely, 
we meet with multiple cysts varying in size from those which 
are barely visible, to those which attain the respectable dimen- 
sions of a pigeon's egg. In common with other observers (Soki^ 
tanski, Forster), I have found these multiple cysts of the liver 
associated with extreme cystic degeneration of both kidneys. 
The liver, in the case I examined, was especially rich in cysts at 
its anterior part, the free border of the left lobe being entirely 
occupied by medium-sized blebs, while towards the inner and 
back part of the organ, the cysts were less numerous and of 
proportionately larger size. Accordingly, the opportunity was 
favourable for tracing the mode of their development. 

At an early period of the inquiry, I was struck with the 
great similarity between the first stages in the development of 
the cysts and the condition which Naunyn has briefly described 
as " Cystosarcoiim Hepatis" In the middle of certain white 
nodides of connective tissue as large as a good-sized millet-seed. 
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iKrhich lie embedded in the portal canals, a punctiform orifice 
can be detected even with the naked eye ; this proves, on more 
minute examination, to be simply a dilated interlobular bile-duct. 
These dilatations are lined by a sub-coliminar epithelium which 
is continuous with the epithelial" lining of the efferent duct ; in 
the smallest tumours, their shape is simply ellipsoidal ; in those 
of larger size, they bulge in various directions — nay, they are 
often studded with a number of tubular processes which pene- 
trate into the adjoining parenchyma. From these ap{>earances 
Naunf/n wanted to infer that the timiour extended by epithelial 
sprouts, and belonged to the class of adenomata («rr below). 
They can only be said to resemble adenomata, however, if the 
term be employed in the sense formerly given to it by Bilh'oth; 
he applied it to tumours of the mammary gland in which a 
progressive dilatation of the efferent duct was brought about by 
. a sarcomatous degeneration of the subepithelial connective tissue. 
We must not on that account ascribe any cancerous quality to 
the process, as will indeed be sufficiently obvious from its further 
course (Cf. § 52G, Adenoma), 

In the same liver I succeeded in finding everj' intermediate 
form between the first beginnings which I have just described, 
and simple globular cysts. The transition fi'om the one to the 
other is operate<l by a reduction and perforation of the folds 
which separate the individual diverticula given off from the 
central cavity, and to which its chambered appearance is due. 
After the disappearance of these folds, the cavity gradually fills 
with a thin, watery secretion ; it becoincs a simple retention- 
cyst with smooth walls. 

% 520. SYriiii.is. For information concerning the general 
character of syphilitic groA\^hs, I refer the reader to the first 
part of the i^resent manual. Sj'philitic changes in the liver 
belong to those profounder lesions which are produced during 
the later stages of the disease, and which are also known as 
" tertiary." The anatomical alterations consist of two distinct 
processes, variously combined with one another ; of an indura- 
tive overgrowth of connective tissue on the one hand, of a 
development of gummata on the other. 

§ 521. The most common case is that in which one or more 
deposits of tough, white connective tissue are foimd in the paren- 
chyma of the liver, in conjunction with analogous changes in 
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other partri of the organism (tKc cranial bones, the phar^iix, 
laiynx, &c.) ; these deposits send radiating prolongations into ] 
the Burroimding parenchyma in various directions, and are 
followed hy a fissuruig and lobulation of the sui-face, correspond- 
ing to and caused by vigorous contraction, operating in those I 
directions (fig. 146). These phenomena are, as a rule, most \ 
strikingly exemplified along the attachment of the suspensory 
ligament ; in this region we occasionally tind three or more 
stellate cicatiices ; or perhaps the entire thickness of the live; 



Fid, 14G. 




S\-j)Iinitii; iliseme of tlie lis-cr. «. Left; h. Rij;ht lulw ; ec. 
Deposit of coiuiectiva tiBHut' wliiult tntvui'si's tlie orgraii from 
its tnuuivctve fiiiciire to the BUii[>ciis(>ty ti^iueut, oiiil contains 
giuumuto ill its iiilerii>r, ^. 

may bo traversed by a single iibruld baud of colossal size. It i» ■ 
probable that the traction, however gentle, which the ligament f 
exerts ujwn the liver during its to-and-fro movements upon tbe-l 
diapbrugm, may contribute, as a predisjjosing cause, to the local- J 
ifution of the lesion ; further detuils concerning syphilitic altera- T 
tious iu the liver ivill show that its co-operation is not in any J 
way indispensable. 

(jiummatous nodules of various ago and size occur, 
indeed invariably, but ver}' olWn, iu the substance of and d 



be fibroid tissue : thoy aro more rarely fomid ulouc iiinid the 
Vealthy parenchj-ma. Yelloffish -white, ehcxjsy and sapless iio- 
Ijdales, as big as a cherry-stone, are more coniiuon than those 
Byounger and still soft formations, in which the minute structmc 
'- of the specific products of syphilis admits of being studied. Tho 
latter contain corpuscular elements, some round, others spindle- 
shaped or stellate, which have luidergone fatfj- degeneration, but 
f. which persist in the form of granule-cells ; the round ones 
■occnpy the centre, while the stellate und spindle-shaped ones 
! situated ut the periphery of the spheroidal nodules. The 
s-aubstancc is swollen and soft; on the addition of acetic 
acid it yields a precipitate of mucin. The cheesy nodides are 
deai'ly due to a litrther metumorphosis of these true gumraatii, 
and ought never to bo mistaken for inspissated pus, cancer- 
nodules which have become cheesy, and so forth. Sometimes, 
though very rarely, these nodules imdergo a ftirthor change ; 
-they soften and arc reabsorbed ; fortunately, however, they are 
illy present to prove the sj-philitic nature of the radiating 
latnces of connective tissue, which might otherwise be ascribetl 
b a wrong cause. 

^ 522. The localisation of the syphilitic products in multiple 

:i of smaller size (from tliirty to sixtj-) scattered throughout 

Ehe entire parenchj-ma, is far less frequent than their oeuurreuce 

1 single large musses. Suppose from five to ten gummatous 

Klules, much smaller than a millet-seed, united into a small 

ihoroidal tumour by means of tough connective tissue, whoso 

9-substance is as trausparent as cartilage, and whose cells 

B typically spindle-shaped ; the coimoctivc tissue forming an 

!ola which sends radiating processes to a ^-ariable distance 

Plsto the neighbouring textures, and gives the whole of the 

f 'Bfiect«d part, a grey, translucent aspect. The central portion of 

Leach single nodule consists of round- cells, or even of mult i nuclear 

B.giuii-oells which arc destined to undergo fatty degeneration ; 

tnoreover a kind of concentric armngemcut may often be ob- 

', such as we find in Iransverse sections of degenerated 

wis. But it is difficidt to suy what vessels are here iii- 

[tlvodi for the said gununattv arc always situated in the poital 

" I, where arteries, veins, bile-ducts and IjTnphatics run side 

f dde. I have succeeded in pro\-ing to my own satisfaction, 

f the examination of isolatcfl no<liiles, lying immediately inidcv 
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the capsule, that we have to do with lymphatics ; further obser-^ 
vations are needed, however, to decide this point. 

§ 523. A third variety of syphilitic liver is that hereditary 
cirrhosis which is met with in the new-bom infants of a syphi- 
litic mother. Whether the mysterious cases of typical and fully 
developed cirrhosis which are occasionally met with in children 
from ten to fifteen years of age, and which I have found to be 
characterised by complete obliteration of the branches of the 
p(ni;al vein, are a more advanced stage of the former hereditary 
variety, it is not easy to decide. This view is supported by the very 
perfect compensatory arrangements, which in these cases more 
than in any others, regulate the portal circulation, and which 
can only bo explained on the supposition that the liver had to 
accommodate itself to its disordered condition while still in 
process of development. 

§ 524. Leukh^mic swelling. In treating of leukhsemia 
(§ 177, et seqq.) I laid down the fundamental characters of leuk- 
hsemic infiltrations in general. The liver is their favourite 
seat ; and it is in the liver that their minute structure may be 
most satisfactorily investigated. 

Ever since we have been aware of the fact that the minute 
vessels permit the transit of the colourless blood-corpuscles 
through their walls, we have been obliged to regard the " growth 
of lymphadenoid tissue " occurring in leukha^mic subjects as an 
infiltration, due to the migration of leucocytes from the vessels. 
Indeed the increased number of colourless elements in the blood 
itself is too suggestive to admit of our shutting our eyes to this 
possibility. Moreover, the results of microscopic examination 
invariably corroborate the hypothesis of emigration. Owing to 
the remarkable analogy in external form between leukhsBmic 
deposits* and hocmorrhagic extravasations in the kidneys, I had 
long puzzled my brains to discover how and whether I might 
refer the leukhajmic foci to antecedent haemorrhages. I never 
got farther than the discoverj^ that the vessels in the offsoted 
areas were peculiarly thin- walled, as shown by the large extra- 
vasations from them during injection of the organs. Now in 
the liver, we find the lcukha;mic infiltration intimately associated 
\ni\i the course of the vessels. Every section made through a 
duly hardened and injected specimen shows the colourless cells 
arranged in rows along the capillaries throughout the entire 
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lobulo. Here and there, the ot-lls uro so closely aggregated as 

to give one the impression ol' an epithelial layer in contact with 

the outer snrfiice of the capiUaries; this is especially the case 

in the margiual part of the lobules ; leaa so towards their centre. 

It may be taken for granted that this inliltration — like fatty 

infiltration, iiititatis mtitandia — invades the lobule from without 

inwards. The socretiug cells take no part in the process. 

Separated from the vessels, the source of their vital and func- 

tional activity, they become atrophied ; a brownish mottling of 

the hepatic tissue may often be observed even with the naked eye, 

due to little heaps of pigment -granules, the remains of former 

liver-cells. This mottling is all the more apparent, aa the colour 

acquired by the lobule in consequence of leukliicmie infiltration 

18 n very pure milk-white. "We are usually able to see all stages 

of the morbid change in the name liver, since the boundaries of 

the individual lobules are in no degree efiaeed by the advancing 

infiltration, but rather made sharper and more distinct. So that 

by the side of normal lobules we see others whose edges are 

sligfatly swollen and pale ; others again which are increased by 

about one-third of their normal size, and of a imiform greyish- 

I brown tint ; finally some milk-white lobules of monstrous dimen- 

, peculiarly dry, and bulging outwards when cut across. 

\ The TariouB degrees of infiltration are usually so distributed 

I thct the parts of the organ which are most exposed to pressure 

(f.ff. under the edge of the ribs) are least altered, while the parts 

i &riliest removed Irom these present a higher degree of morbid 

; to this rule, however, there are many exceptions. A 

e Tariety of leukhannic disease of the liver consists ■ui the 

e of circumscribed groyish-whitc nodule* which in some 

[ rwpocts resemble miliary tubercles, differing from them however 

in their soflor consistency. Tlie nodules are situated in the 

I portal canals, and are for the most part associated ^ith the 

I infiltration preriously described. 

The size and weight of the leukhannic liver may be verj- 
I gmt, even equal to those of the cancerous liver (fig- 150, vm.j. 
I Lctikhoimic livers have beeu met with weighing 14 pounds. 

S 625. TriiKRCi.K. In general tubercidosis ol' the seroiis 
I, the lungs, the heart, &.K., such as is most commonly 
I children, a variable number of miliarj- nodules may 
^ feond scattered through the liver. They are developed 



1 



V4f^i Mr>liiJJJ> AJi,tJ<jySJ C»r TEE ITTiIL 

iwvitr Ak'/» «>^fc;.i*^ v^ -tiift iuiiwiobuLtr f^ut«h. lun :i!tnEr liLm ni the 

^r ll^rjJl.vx*4fr, JidL Ji- Hfrft, tL , tie 'oarjnHiiTtiKr 'ftqwFnu of 
i^hM:h xij^^r l.til^rTf*!/:* of/jj-ii^iM art dertiojiecL ziii: -aL ti* oosade, 
f/vl ;/j ti>«: iSjUfrior */f tli* bW/d-Tesaelfe. Sajpuisciiig tkit to be 
iru^^ i it}j/yuld ft:ifr] iui:\mfA io derive iLeim fruoc a pvolifiaatkii 
'yf ii^i ^^^A))tt\imu^ uiii^Tijuch a^ I hare benec aSiik^ !»• «o]»EiTe this 
//M/dii; *4 fmifUi in the l\iaphatic§ and iLe scsnmi membranes 
^«^/r )f 1 ])!/y^ Ht'htijfjM-l^ on tbe otber band. PE^szds the tubercle- 
i*4A\^ Hh 1}m; dir^:)^^ p^^^^y ^^f white blood-c«ifpii«cle^ and totally 
n^ftuVmU^ ihii vUfW iluut they originate from the endolhelia, with 
winfi^i \troMUirdium hti U quite familiar, frnn his inTestigatioiis 

Evifti khfuUl Ifi/f itiUfTithsH in the liver, a^ ooca;aoDaIlT happens, 
tiiiMin )fi*ry iAmkuU^mhUt dirneni>ionis, they nevertbeleBs remain of 
Vifry kiiSHtrAUiiiU* \iHa\ nri{x;rtance. The larger ones are often 
dmml t// Sa*. i-hi^i^ky ai iSmr centres, their caseation being followed 
l/y mhWniUtn of inUt ; iU*uA tinnues being prone to absorb pig- 
itu^niury muiU^rn which they reject while living. 

$ t/U^U AtthsoMA, True qiithelial cancer of the liver is ex- 
rdU'AiiUfly nirc; it ih ulwayn Hccondary, and occurs in the form 
of ^itry iiiiiinU* WHluUm. Adenoma, on the other hand, though 
iKjimlly rum, in ulvvayM primary, and seems in some measure to 
n^\iUuui ihii ordiniiry <»|iilhelittl (Mincer. Since Bokitaiiski first 
dint<;Utd utUaiiion Ut \\\i^ o<;currence of a tumour-like deposit of 
ijifwly-forna»d hepatic tinNue, more recent observers have oftien 
mot with it. Afi(!r (tliminuting, on Hoffman^ % recommendation, 
ihoMo (uiHeN of Hupc^rfluouN development of true hepatic tissue in 
Htnall ^hihuhir uiunhoh, wliich ikihkcss a merely teratological 
iiH4«n<Hf, wo huv(i h^ft, uh un "Adenoma hepatis," a tumour 
charuri(!riM<i(l by ('xir(»nH»ly marked features, both naked-eye 
and ni!croM(!opi(;. Th<» lonner, liowcver, may be so immediately 
<h«lucu'd from the manner of iIh origin and growth, that I will 
r<inHi<l4«r both hoIm of characlors together. 

I f W(^ tracer tlio nodules to their smallest rudiments, such as 
am iuviMibh^ to the naked eye — (this has hitherto been done in 
u Holitary raso of multiple adenoma of the liver) — ^we find them 
n4)reMuutod by circumscribed changes in form and colour in the 
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I interior of single lobulea (dg. 147). If the specimen hits been 
previously steeped in carmine fluid, we find the diseased portion 
of the parenchjTna very deeply stained ; this makes it twice ns 
easy for us to notice that at these points the anastomosijig 
trabeculaj of the secreting network are repkeed by independent, 
Toundly-oYal eylinders of cells, which are elaborately convoluted, 

I and occupy a space which is, upon the whole, globular; this 
space taking up one-sixth part of a lobule without pushing the 
adjoining columns of hepatic cells aside, i.e. simply replacing 
tliem. This primarj' alteration is due to a separation of the 
trabecuhc of the secreting network from one another ut their 

I junctions, within the aifectcd areu of the lobule ; the detached 

Kio. 147. 




m nf the liver. 

pnrtinl metun 

■trabeculic, each for itself, assuming the form of a cylindrical ag- 
gregate of cells, such as we only meet n-ith during the develop- 
ment of the open glands and in epithelial cancer. This transfor- 
^mation is associated with a moderate proliferation ^of the liver- 
sells; the effect of this, however, being provisionally annullcsd by 
t simultaneous diminution in the size of the individual elementa, 
§ 527. The further growth of the nodule takes place partly 
Jby a centrifugal extension of the morbid process, partly by the 
proliferation of the existing corpuscular cylinders. As soon as 
.the tumour has rcachc<l the size of a pin's head, its growth 
continues in the latter mode exclusively. It acquires a capsule of 
connective tisaue, which isolates it from the surrounding paren- 
The latter is simply pushed aside and compressed — 
« it take part in the morbid process by becoming converted 
t fresh nodules. The original nwlulos. from this time fonvard, 
ow independently. The peculiar tendency which manifests 
lelf in the earliest rudiments of the tumour, now goes on to 
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mimic the structure of a tubokr gland, euch as the kidney. 
Figs. 148 and 149, both of which represent sections through 
nodnles no bigger than a hemp-seed, exhibit central htmina of 
vsrioue aizea in most of the pseudo- glandular tubes ; these 
lumina being filled with a yellowish jelly, or a clear, waterj- 
fluid. It must be remarked, however, that this acme of 
development is seldom reached, and that the process osually 
terminates in the production of solid cylinders. Fig. 149 in- 
cludes a portion of the capsule of connective tissue which 
bounds the nodule externally. This capsule, in nodules of the 
size of a cherry and upwards, is smooth within, and lined 
with serous epithelium ; so that the periphery of the nodole i» 
really limited by a serous space, which is only bridged over here 
Fia. 148. 




Adenoma of the liver. 
TubnLu stmcture of the 
growth, jj^. 



Adenoma of the liver. Blood-vi 
and capsule encloeing tht tutnoor- 
sodules. sJn. 



and there by the afierent and efferent vessels. Attempts to 
inject these tumours have shown me that their blood-channdb, 
though originally forming part of the capillarj- network of the 
lobule, and therefore in communication with all the three main 
vessels of the liver, arc more and more exclusively supplied 
from the hepatic artery as the development of the tumour goes 
on. The larger nodules could only be injected from the artery. 
We shall find something of the same sort in the true c 
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The fully-developed nodule of adenoma is thercfore a globular, 
isolated tumour, enclosed in a membranous capsule of connective 
tissue; its consistency is soft and clastic, its colour a bright liver- 
brown, in some nodules even darker. The timiour may be single 
or multiple ; in the latter case the nodidcs may attain the very 
considerable diameter of two inches. It is only by mutual pres- 
sure during growth that the original globular form of the 
nodules is variously altered and defaced. At a later period, 
individual nodules for the most part midcrgo softening ; their 
cells grow fatty, the serous lining of the cyst produces a certain 
quantity of pus ; so that we at last get perfect abscess-cavities, 
which may bui'st and give rise to fatal peritonitis. The size and 
weight of the adenomatous liver depends upon the number and 
size of the nodules ; it may be vcrj^ considerable indeed, just as 
in cancer (fig. 150, viii.). 

§ 528. Cak( ixoMATA. Cancer of the liver is exceedingly 
variable in its external appearance. We may have milk-white, 
tolerably firm nodules, protruding both on the external and the 
sectional surface of the organ, ranging in size from a millet- 
seed to an orange, sparingly disseminated through the dark 
reddish-brown, atrophied parenchyma of the liver {carcinoma 
simplex). Again, we may have a liver of enormous size 
(fig. 150, viii.), which proves on section to be almost entirely 
made up of soft cancer-nodules of all sizes and in all stages of 
development (carcinoma mcduliare). Then we may have a 
moderately enlarged liver, which, together with a few super- 
ficial nodules as big as an orange, with a central depression or 
umbilicus, exhibits a countless number of smaller and very 
minute nodules [Cancer dinHcmine of the French). Further, we 
have the rare case of a true diffuse infiltration, in which the 
lobules retain their form, but grow thicker and broader, assimoi- 
ing more of a greyish- white, and finally a perfectly white colour. 
Next we have the radiating cancer (Strahlenkrebs) characterised 
by the concentration of the cancer-structure in bands which 
radiate from the centre of the nodule; this is usually a pig- 
mented variety of medullaiy cancer. Finally we meet with 
coUoid cancer, which is rare, and only occurs in isolated nodules 
of a secondary (metastatic) character. 

§ 629. In attempting to master the manifold varieties here 
enumerated, it is verj- natural that we should recur to their 
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forest of isolated phcuomena, which will give to future observers 
many an opportimitj' of diatinguishing themselves. 

Let us start from the fact that more than three-fourths of 
all cancerous growths in the liver are of metastatic origin ; that 
of these metastatic deposits again, two-thirds are secondary to 
primary cancer in the portal area, while one-third ia secondary 
to primarj- cancer in the rest of the body, both with and without 
previous implication of the lungs. The numerical preponderance 
of metastatic cancers may possibly be due to the entrance of 
cancerous emboK into the portal vein or the hepatic artery. In 
support of this view we have a series of cases of cancerous 
thrombosis of the vena porta; recorded by various authors. 
According to Virchoit there is a perfectly independent form of 
cancer, which originates in the interior of the portal vein, and 
16 not propagated from cancerous tumours in its neighbour- 
hood. A thi-ombus extending from several branches at once 
into the trunk of the vein, without perforating its wall at any 
point, is found to consist wholly of cancer- tissue. This appear- 
ance can oiJy be explained by supposing that one or more 
cancerous emboli have caused thrombosis in the portal vein, 
followed by a cancerous metamorphosis of the clot. This rare 
and curious phenomenon must never be confounded with the far 
commoner ease in which a cancer of the liver involves the portal 
rein, destroys its walls and then proceeds to extend in its interior. 
On the other hand, an observation of Naunyn'it has moie claim 
to be considered in connexion with the present subject; ho 
found a primary cancer of the kidney with cancerous thrombosis 
of the superjacent veins of the mesocolon, associated with a 
number of spots in the liver, none larger than a millet-seed, 
each of which proved to consist of u hrajich of the portal vein 
transversely or longitudinally divided, plugged ivith a cancerous 
clot, and aurroimded by a vorj" minute cancerous tumour. We 
might reasonably suppose this to be a perfect example of 
cancerous embolism, and of il^i destructive action on surround- 
ing parts. Yet I feel hmmd to warn the reader against applj-ing 
this theory too widelvi inasmuch as appearimces of this kind arc 
not by any means so common as the author in question seems to 
believe. Wo can only regard the general fact as established, 
that in very many cases where the cancer takes the form of 
multiple isohited nodules, these nodules are situated in the 
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portal canals. This, however, is equally true of nearly all 
tumours of the liver, and is probably oonnected with circum- 
stances of another order altogether. 

§ 530. A very interesting observation, which transfers cancer- 
ous thrombosis of the greater vessels with its attendantproblems to 
the capillaries of the parenchyma, is that concerning the develop- 
ment and growth of the pigmented radiating cancer (StrahleH- 
kreibti). The peculiar structure of these tumours is due to the fact 
that the capillary vessels, as far as their junction with tha hepatic 
veins, are plugged with the black cancer-cells ; hence the peculiar 
whorled arrangement, which characterises this portion of the 
vascular apparatus, is manifested in black stellate figures of all 
possible sizes. Fig. 151 represents the periphery of a cancerous 
nodule. We distinguish stroma and cancer-nests; the main 
trabecular of the stroma, however, contain liver-cells, some of 
which are much distorted and stretched, here and there abun- 
dantly stained with brown and black pigment, but whose real 
nature is nevertheless recognisable, partly by well-known features, 
partly by their direct continuity with the contiguous portions of 
the secreting network. The finer trabeculao of the stroma con- 
sist of spindle-shaped and stellate cells, which of course have 
nothing to do with the liver-cells. The presence of liver-cells 
in the main trabeculae, however, proves only that it is not from 
them that the cancer-cells here originate (in contrast to ordinary 
cancer) ; it also serves as a clue to the place where the cancer- 
cells really are deposited. Now this is no other than the interior 
of the blood-vessels. We can recognise the double contour of 
the capillary membrane where it surrounds the smaller cell-nests 
completely, the larger ones at least in part ; accordingly it is 
quite certain that the cancer-cells are actually situated in what 
once was the path of the blood-corpuscles. The next point is 
to determine how they got there, to discover their origin. Till 
quite lately, I should not have ventured to give any decided 
answer to this question. I kept my opinion to myself; it was 
this : I believed that the cancer-ceUs were the actual progeny of 
the corpuscular elements of the capillary walls ; for the appear- 
ances which arc characteristic of this mode of origin — sc. divi- 
sion of nuclei and double nuclei in the interior of cells intimately 
adherent to the wall of the vessel, forming crescentic projections 
into its interior, cells lying on the inner wall of the vessel like a 
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proliieratmg epithelium; — fiiich appeanuicee as tliesc are plenti- 
ful at the edges of the cancer-nodule ; the annexed figure shows 
theia here and there. Nevertheless, I hesitated to proclaim my 
belief, until the recent beautiful researches of Thicmch and 
Buhl rendered the fertility of the epithelial elements of the 
vessels in the highest degree probable. Thm-sck ascribes a 
leading share in the organisation of thrombi to these epithelial 
elenxents. Bit/U proves that the pus contained in the twigs of 
the portal vein in Phli'liiin thromboUcfi {xfV g 505) is produced 
by a proliferation of the vascular epithelia. Supported by 
these observations, I no longer hesitate to ascribe the origin 
and accumulation of cancer-cells in the interior of (he vessels, 




Cartinoma hepotts. Origin ami ntnicture rtf the pigmentei] radi- 
ating Foncer. TLe first rudimeuts of a stnmia are fonued by 
Ihe Kcreting network, wliil« tiiu cancer-cell) ore depmiti.tl in 
the interior of the vea^els. j^. 



I chftracteristic of the radiating form of pigmentary cancer, to a 

' proliferation of the vascular epithelia; and I am happy to say 

i that the beautiful researches of Sehiippel and his pupils on the 

histogenesis of cancer of the liver (Fftzer, Inaugural thesis, 

1868) have fiilly confirmed this view. Felxer is inclined to 
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assign an intravascular origin and development to most of the^ 
secondary forms of hepatic cancer. 

§ 531. The observation recorded in the foregoing section 
brings us to a second series of studies more immediately directed 
to the growth of the cancer-nodules. The plainest and least 
complicated opportimity of investigating this point is afforded by 
DIFFUSE CANCER OF THE IJVER, that curious degeneration of the 
lobules, in consequence of which they are gradually transformed 
into cancerous matter, while retaining in the main their original 
shape and outlines. Fig. 152 represents the most instructive 
portion of a lobule, half of which has already imdergone degene- 
ration. I believe that it will readily convince the observer 
that the liver-ceUs are directly converted, by repeated fission and 
change of form, into canccr-ceUs, while the capillar}^ network 
forms the rudimentary stroma. The centre of the lobule is at 
r — corresponding to the hepatic vein, which is here much dilated,, 
and from which the capillary vessels radiate in the usual manner^ 
At a the liver-cells are normal ; at c their angles are rounded 
off, they arc enlarged, and dissociated in the manner which I 
have already alluded to (§ 501), as characteristic of parenchy-^ 
matous inflammation. Next come transitional forms ; at b we 
see the wide meshes of the perfect cancer-stroma filled with the- 
innumerable progeny of the hepatic cells. 

Of course this mode of transformation belongs in the first 
place to the difiuse variety of hepatic cancer; there can be- 
no doubt, however, that the nodular forms ma?/ also grow in 
the same way. Taking the least promising example first : if we 
examine the line of junction between a large, tough nodide of 
cancer and the hepatic parenchyma, we find that the pressure 
exerted by the growing tumour has squeezed all the neighbour- 
ing lobules out of shape, and converted them into shallow disks. 
which lie parallel with the spheroidal surface of the tumour. 
The cancer is girdled by five or more concentric rows of liver- 
cells. The impression left on our mind by these appearances is, 
that the livcr-cells tend rather to hinder than to assist the 
growth of the nodule ; and this view derives support from ihe^ 
fact that these very nodules offer the most tj^pical example of the 
^^per saltiun " extension of tumours. Beyond the zone of liver- 
cells, and not at first connected with the primarj'^ nodule, a new 
one springs up ; this grows independently in all directions, and 
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finally coming into contact witli the primary' nodule, coalesces 
with it. "We often find the primary nodule quite surrounded by 
secondary nodules of this sort; and its irregular and bulging 
ontlinea show that these arc by no means the first " secondary 
foci" which it has annexed. From nil this we cannot infer more 




Carcinoma hcpatia. Oi'igin mid strncture of the lUfTUBe furm of 

medullary cani-er. Tlie viuctilBr network ia tlie firat rudU 

t of a stromn, while the liver-celts are conTerted into 

1. a. Nonnnl liver-celU ; c. ParenclijTnat<ms in- 

flnnunBtion ; 6. Neata of cancer-cells ; v. Venn centralis, j^ 

than that the liver-cells may waste under the pressiire of the 
cancer, before fhey can assert their vitality by taking part, in 
the metamorphosis. The possibility, however, of the cancerous 
elements of these smaller noduloa having been immediately de- 
rived from liver-cells, remains exactly where it was. 

Results very different, and far more favourable to the view 

tinder discussion, are afforded by investigation of the softer 

varieties of multiple cancer, which are indeed by fur the coni- 

■ monest. It is in these that Frerie/is was able to establish the 

^^1 &ct that the cancer-tissue invaded the neighbouring lobules from 

^^H the portal canals. The numerous injections which he made 
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convixioed.liiiii moreoyer that tliis growth occurred^ so to speak, 
under the aoBpices of the hepatic artery, masnmch as the cancer^ 
nc'dules could only be injected from the trunk of this Tesaei^ 
w] ich was inyariably much dilated, while the branohes of 1^ 
portal vein were compressed, and imperrious to the injecting fluid! 
His fig. iv. (plate vii. second Fasciculus of Atlas) is highly in- 
structive ; we see the lobules adjoining a cancer-nodule actually 
melting into the growth. This figure, whose accuracy is indis- 
putable, gives us the impression of a transubstantiation of the 
hepatic parenchyma, of the secreting elements themselves, and 
speaks a language &r more distinct than all the arguments based 
upon inadequate observation. 

Finally, the direct conversion of the liver-ceUs is also sup- 
ported by tihie high degree of vascularity exhibited by all the softer 
varieties of hepatic cancer. The stroma of all the smaller nodules 
consists exclusively of wide and thin- walled capillaries. At a 
later period, an independent growth of the stroma by spindle- 
ceUs and connective tissue is superadded {see § 155) ; the tra- 
beculae become thicker, but the main ones always contain a 
blood-vessel of considerable size, which I regard as the repre- 
sentative of a pre-existing hepatic capillary. 

§ 532. I think I have now brought the reader as far as the 
point where the threads of our investigation arc broken off. It is 
as yet impossible to pronoimce decisively concerning the origin 
and growth of cancerous timiours of the liver. But no such un- 
certainty hangs over their retrograde metamorphosis ; this, in by 
far tibie majority of cases, sets out from a fatty degeneration of 
the oldest and most central cells of each nodule. We can measure 
the progress of this change even with the unaided eye, by the 
extent of a yellowish-brown or yellowish-white discoloration, 
and convince ourselves that the discoloured parts are especially 
soft, pulpy and diffluent. The fetty dSbris are capable of being ab- 
sorbed. But absorption occurs only when the nodule is superficial, 
when one side of it — ^that towards the peritoneum — can sink in ; 
it is impossible when the nodule is more deeply situated, and sur- 
rounded on all sides bv a stratum of uniform thickness and 
rigiditj (Geschtrndstwand). Here, therefore, "cancerous abscesses" 
sire formed, while in the superficial nodules we can observe the 
phenomena of umbilication. The umbilicus of a cancer-nodole 
is the sauoer^shaped depression which forms over its collapsed 
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centre. If we cut through it vertically, we come upon the so- 
called " cicatrix," i.e. the residue of the cancer-structure left 
after the remoyal of the cancer-cells, sc. the stroma and the 
obliterated yessels, together with the few which are still pervious ; 
all these structures combining to form: a solid oicatricial tissue, 
which sends ray-like prolongations on aU sides into the stroma 
of the still florid portion of the tumour. 



YIIL-MOEBID AKATOMY OF THE KIDNEYS. 

§ 533. It has been rightly suggested that one object of the 
study of pathological histology shoidd be to acquire the power of 
estimating with the unaided eye (at least to some extent) what- 
ever alterations may have occurred in the tissues. This object is 
better attained in the case of the kidneys than in that of any 
other organ. For this purpose the substance of the kidney 
must be divided into certain anatomical regions, within which the 
morbid processes either begin, or produce aggregates of structurnl 
change whose appearance is in the main characteristic. First, 
we have the primary distinction between the medullar}' and 
cortical substance, indicated by the course of the main divisions 
of the renal artery and vein on the one hand, by the restriction of 
convoluted tubes and Malpighian bodies to the renal cortex on 
the other. Further, we must distinguish in the corticai. 

SUBSTANCE; — 

1. The region of the Malpighian bodies and convoluted 
uriniferous tubes (fig. 153, g). This embraces four-fifths of the 
entire cortex. Inasmuch as the Malpighian capsules are the 
terminal dilatations and the convoluted tubes the terminal seg- 
ments of the tubidi uriniferi, the region in question must neces- 
sarily correspond to the most important part of the secreting 
parenchyma. Moreover, it contains all the minute arteries and 
veins of the cortex, all the retia mirabilia with their respective 
afferent and efferent vessels, and the venous half of the capillarj' 
system. 

2. The region of the straight uriniferous tubes. It would 
be more correct to use the word " regions" in the plural num- 
ber, inasmuch as the area in question is broken Tip into as many 
subdivisions as the kidney possesses lobules. The medullary 
part of each lobule (fig. 153, a a) consists exclusively of straight 
tubes of two different kinds ; first, of those relatively wide drains 
which open at the apex of the papilla (figs. 153, €y 154, /) ; 
secondly, of those extremely narrow looped tubes which commu- 
nicate at one end with a convoluted tube, while opening at the 
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nther into one of the efferent driiuiB, obliquely from below 
upwards (fig. 154, c, li, <•), The thickness of the bundle 
iif tubes when cut across at any point, depends upon the num- 
ber of these loops. The looped tubes in connexion with the 







af-diagrniunuttii, repiesentation oi tlit. '^intt.tviii nt ilii kuhiey 
ui TLitu^ <*vbtion uko in lioruontal section through the 
cortcs. aaa The baaes of the renal lobnles, which exhibit 
n pohgotul form m sections paraUel Ui the surface of the 
kidney h \. luaiu branch of the renal urterf, situated at the 
cnrtiLO-uiednUary jiuu-tion and giMng ofl tlw. Xrterwte aswri 
ilentea vnth their Malpighian tufts Ui the cortex , C Renal 
winch re>ceive thu uiltirfasciciiliu' TeaselB — the latter 
fbrm Ktidlute figured in the horizoutal section ; d. T'asa, rtcla; 

\ a. Surface nf the jMipiUa ; /. Fasciculi of straight uriniferoua 
tubes whith I'JWliate into tlia connective substiuice as pyra- 
niifls nf Ferrein. 

I ^[ttlpighiim bodies of the extreme periphery of the cortex, barely 

, dip into the medullary layer ; those glomeruli which are most 

eentntl in position, which therefore lio close upon the cortico- 

medulWy boundarj-, send timr loops nearly as far as the papilla ; 
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thoeo ugoiii which aro intcnuediatc betK-een the two extremes, 
atad their loops down to u rariablc dietaucc between tho papillti 
and the cortiuo-mcdulhiry border, u dlstuacc proportiuiiatu to 
their own positiou. llencc it is, that ut the cortico^medullary 
jimctioii the asccDding and descending limbs of all the looped 
tubuli urc iiicludcd iii one traiisverse section, while towards thu 
papilla tliosc loop.i which are in connexion with the peripheric 
OHpaules, towards the periphery those which are derived from 
the central capeuh'c, decrease progressively in number. Acoord- 
ingly, the bundle of straight lubes belonging to any one lobtde 
tapers at each end, if wc tuko the corti co-medullary boimdm^y iia 
a centre. Its prolongation into tho eortical layer forms one of 
the "p^Timiids of I'errein." Now these "pyramids of Forrein" 
are identical with what we call the " region of straight tubuli " 
in the cortical substance. Moreover, the Hne-meshed eapillary 
network which surrounds these tubes constitutctt tho artvial half 
of the entire cupillarj' system of tho kidney. For the efferent 
VJoesels, after leaving tho Malpighiim tufts, penetrate straightway 
into the centre of the pyraraidpt of Ferrein, where they first break 
up into capillaries ; sn that the blood in each of the renal lobules 
flows from within outwards, notwithstanding that the afferent 
n»aels, the arti-rioUe a«i-etuie)iies (fig. 15'3, b) are situatod at its 
pniphery. 

In the AiEni i.i^RV substance wo must distinguish between: 

3. Thff region of tho straight uriniferous tubes, (>. tho 
lury portion of the lobule (Gf. (2), and also fig. 153,/). 

4. The region of tlie vasu rcxita. Small bundles of art«rieM 
veins, sturting from the cortico- medullary junction, are 

srcalated between the bundles of straight urinifcroua tubes 
which correspond to the individual lobules (fig. 15^, d). Inas- 
lauch us these vessolM arc also straight, it is bard to distinguish 
thorn, when empty, from the adjoining tubuli urinifcri. Under 
tnuih circumstances, the boundaries of the individual lobules can- 
not bo distingiiiidicd with the unaided eye. It happens, however, 
. the vasa recta arc nearly always full of blood, and thus 
1 most valuable guide to tho immediate discrimination 
I ndjuccut lobules. The arteries are mostly derived from those 
icruli which Uc nearest to the medullary border ; they arc 
tch ulongutod vasa effercntia ; a smaller number spring 
tly frcnu tho nutiu divisiona of tho renal art«ry, which 
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nm between the cortical and the medaDarv snbstance. The 
Yehis unite, doee to the cortioo-meduILiiT junction, into short 
trunks which open directly into the main branches of the renal 
Tein. The Tasa recta are sarronnded by a moderate amount of 
lax ccmnectiTe tissue, the terminal prolongati<His of that sheath 
ci ccnmectiTe tissue which inTests the renal ressds at their 
entrance into the hQus of the kidney. 

We shall see hereafter to what extent iheae regional diyisions 
ci the kidnejr will aid us in the localisatiiHi of morbid changes 
without a microecc^ie — in microscopy with the unaided eye. 



1. Inflammation in Genekal. 

1 534. The morbid anatomy of renal inflammation has been 
rqpeatedly inyestigated ; and yet it is still the most incomplete 
chapter in Ihe whole of our science. As we are £ur from being 
able to draw an anatomical picture of the stages of nephritis^ we 
must regard Ihe attempts made by Bayer ^ Fonter and odiers, to 
draw sharp lines of distinction between simple, albuminous, 
parenchymatous, interstitial, and croupous nephritis, as wholly 
premature. This unreadiness and uncertainty in the domain of 
morbid anatomy is yiyidly reflected in the yacillating condition 
of clinical diagnosis ; it is certainly not owing to respect for the 
memory of I>r. Bright that the yery elastic term '^Brighfs 
disease" enjoys an undiminished popularity. In contrast with 
all this perplexity, the position of the pathological histol<^;i8t 
may be r^;arded as relatiyely easy. We are free to yiew die 
alterations exhibited by the indiyidual elonents of structure, die 
uriniferous tubes, the connectiye tissue, the Uood-yessels^ as 
independent phenomena, and so at any rate to present the reader 
with an account of the constituent elements of the anatomical 
changes^ without any admixture of hypothesis ; we may then 
endeavour to construct the general anatomy of the principal 
diseases of the kidneys by combining those elementary data with 
one another. 

a. Changes in the Urimferom Tubes, 
i 535. Desqv AMATIVE CATA&RH. If wc squccze the pi^iills 
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[ATIVE CATABKH. 

of a not very fresh kidney removed from the dead subject, wo 
tiaimUy find that a Emnll quantity of whitish, turbid uriue oozes 
from the orifices of the ducts ; its turbidity being due to the 
presence of epithelial cells, recognisable as shreds of the epithe- 
lial lining of the uriniterous tubes by theii- partially tubular 
connexion with one another. The constancy with which this 
phenomenon recurs must needs make it appear rather bold to 
infer the existence of a desquamative catarrh of the uriniferons 
tubea from an occasional discharge of these shreds in larger 
amount than usual; wc are not justified in assuming, because 
the cells happen to separate more readily than usual after death, 
that the epithelium ol' the urimferous tubes was loosely adherent 
to the ttteinbrana pi-opria during life ; on the contrary, wo learn 
to be on our guard against drawing conclusions, under any cir- 
cumstances, fi-om the presence of denuded uriniferous tubes, 
T^liile examining transverse sections of such seemingly denuded 
tubes from the renal papillic, I have often come across remnants 
of the epithelial rings, remnants which in all probability escaped 
destruction during the preparation of the specimen by the merest 
accident. They lent all the more weight to the belief that the 
missing portions of the particular rings, together with the entire 
epithelial lining of those tubes which were wholly denuded, had 
been lost during the moimting of the specimen. 

The reader might naturally be led to siippo.se from all this 
that I mean entirely to deny the existence of a desquamative 
catarrh of the uriniferous tubes ; such, however, is not my pur- 
pose. I only wish to repudiate as evidence of this condition, u 
phenomenon on which reliance is very often placc-d, and which 
is nevertheless wholly untrustworthy. Desquamative catarrh of 
the tubuli uriniferi runs the following course : it begins with a 
granular cloudiness and desquamation of the existing epithelial 
lining; this is followed by a more abundant proliferation of 
young cells from the connective tissue surrounding the tubuli 
uriniferi, which leads to a more rapid renewal of the epithelial 
elements, and to the secretion of large numbers of isolated ccll- 
ibrms of various ages. Here, indeed, wo find ourselves face to 
fiice once more with the old question concerning the origin of 
the epithelial cells ; and the existence of a membrana propria 
between the connective tissue and the epithelium is well adapted 
to rouse doubt and suspicion concerning the possibility of a 
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renewal of the epithelial elemeotB from the GonBectire tissue. 
In the meantime our belief in the absolute hcmu^enei^ of 
the oapillaiy walls has been rudely shaken by the recent 
disooveries of CoknAeim (l.c.) ; and the shook will undoubtedly 
be propagated to all homogeneous monbraneB whatHoever. I 
have already (g 367) described the migration of young oon- 
aeotive- tissue corpuscles through the basement-membraae of 
the mucous lining of the trachea in croup. I refer the reader,* 
moreover, to the researches of haanoff on the migration of 
corneal elements through the anterior elastic lamina into the 
epithelium, in certain forms of ptinnus; again, the tubes of .Betfrn/ 
were subjected to investigation years ago by Aseel Km with a 
view to this very question, and that not without some positive 
results. In oonclusion, I refer the reader to the annexed draw- 
ings. Fig. 155 represents oUique and transverse sections through 
tubuli uriniferi in a state of catarrh. The mi'miA one has lost 




TiantiTCirae atul oblique sectioiid through nimifcTonB tubes in « 

Htate of catarrh, j^. 

the whole of its normal epithelium and contains in its stead ooly 
young and loosely-conneoted corpuscular elements. The othm 
two show the epithelial lining more or less disjointed, with 
younger elements both above and below it. The corpuscular 
infiltration of the connective tissue is also indicated in the 
drawing. I have hitherto observed these alteraticns only in the 
system of tubes which open at the apices of the papillie ; tubes 
which may be distinguished from the looped tabes in the 
meduUary layer by their greater width ; irom the convoluted 
tubes in the cortical substance by the brighter hue of their 
epi&chum, as woU as their greater width, though this latter 
difference is less marked than it is in the medullary layer. 

% 536. Clol'dy sn'SLi.iNG. Cloudy swelling of the secreting 
epithelium is among the most serious of the morbid changes to 
irtiich the uriniferoos tubes are liable. It is chaiaoterised by 
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iho appearance ui' n quantity of minute dark granulos ill the 
■ protoplasm, and a consequent increase in size of the individual 
dements. The demand for Rpace on the part of the ccUs is mot 
partly by a considerable dilatation of the entire tube, partly by 
the intrusion of the epithelial elements into its axial lumen. 
They accommodate tbemsclyes to the space thus furnished by 
alterations in their shape. Some form, conical projections into 
the interior of the tube ; others assume moro of a spheroidal 
shape, making the outline of the affected tube bulge outwards at 
intervals (tig. 1-j6, 1). The nuclei arc mucked by the dense 
- cloud of minute granules in the protoplasm ; but with the aid of 
mnnine ond acetic acid I have succeeded in demonstrating them 
iren in very advanced cases of cloudy swelling. It seemed, 
moreover, us though the process were attended, oftener than is 
tnsually supposed, by fission of the cells and nuclei ; yet I will not 
■■dogmatise on this subject, knowing as I do how very unreliable 
1 our histological criteria become in cases of cloudy swelling. 
FThe change is confined to the convoluted portion of the urini- 
Iferous tubes ; and we know that in this region a finely gianulnr 
■cloudiness of tbo epithelial elements is in some degree a normal 
ibenomenou ; moreover, tlie cells here possess more of a cubical 
r cylindrical shape than elsewhere ; it would therefore be ex- 
Btremely hard to draw the lino between cloudy swelling and ii 
Tnerely quantitative excess of phenomena in themselves normal, 
I were it not for iho farther aid afforded by the irregular arrange- 
t of the altered epithelium, and the closuro of the axial lumeu 
ihy the swollou colls. Tlie same ia true of the fission of the cells 
i nuclei, which may also be observed in the healthy kidney, 
I Ourmain reliance must unquestionably be placed on the general 
sppearance of the tubes as seen in section : thoir marked dilata- 
tion, the varicosity of their outlines, and finally a not inconsider- 
^^ able thickening and swelling of their (iinicw propritr, which is 
^^^ JU>vcr lacking in mv experience, serve to render our recognition 
^^B)«f' the morbid slate in question under the microscope, more oer- 
^^Bfain than it could be from the mere examination of a single 
^^Bflpithelittl clement. 

^^H The true nature of the chemical changes which occur in 
^^■Ihc protoplasm during cloudy sn'elling has not been hitherto) 
ascertained. It is probably impregnated with some albumi- 
wnd substance, since the cloudiness, as wc have already seen, 
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inay be dissipated by the addition of acetic acid. From the 
point of riew of general pathology, eloudy swelling must be 
viewed as the result of an irritation of the cell by some morUd 
material in the blood. This may commonly be referred to some 
toxic or zymotic influence, sucb as phospborus-poisoning, variok 
and the other acute exanthemata, typhus, puerperal and septic 
fevers ; in all of these the poison is introduced into the system 
at n remote point, and conveyed to the kidneys, in common with 
other organs, by the blood. 




I. L'louily nwulliiig and cumiiicuLing fatty ilegeuenLtion of the 
i^pitliclia of tlic coavoluteil tabus ; 2. Advoacad stage of tatty 
(Icfjenerntion ; 3. Fotniation uf fibrinoua casts ; a, Tnmsvene 
iMiCtion through a urinifeioitB tube with a gelatinous cut 
■id'Upyii^ its lumen ; b. Etiithelinm ; e. Tunica ptopria ; 
'/. Rent^wetl prodaction of colloid loattec at the surface of the 
vpithelial cells, detaching tlio previoas layer. ^Jj. 

g 537. Fatit degexeratiox. The further destiny of epi- 
thelial cells affected with cloudy swelling is diverse. Minor 
degrees of the affection do not oppeor to offer any hindianoe 
to a return of the cell to its normal state. If the granular 
matter be regarded as pabulum, left unassimilated in the cell in 
consequence of some disturbance of the nutritive exchanges, and 
precipitated in a solid form, the return of the cell to its normal 
atate may be \'iewed as a resolution and elaboration of tho solid 
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mattera. For ob^Hous reasons we ba^o no direct observation s 
bearing on this point. On fbe olbcr band, tbore is tbe risk of 
futty degeneration of tbe swollen epithelial elements. We find 
larger and darker granules appearing side by side with tbe 
minute albuminoid moleculea ; tbese granules are sbowu by 
their mierocbemical reactions (solubility in aleobol and ether I 
to be oil-globulcs. I have often been struck by the very great 
diversity in size of these oil-globules. Some are as minute as 
partieles of dust, others so large as almost to suggest the idea of 
a fatty infiltration (fig. 156, 2), were it not that the develop- 
ment of granule- cells, and their subsequent disintegration into 
oily iUhriSt afforded eiidence only too eertain of tbe destructive 
tendency of the process. The fatty metamorphosis, so long as 
the individual cells are still distinguishable, i" associated with a 
still further distension of the uriniferous tubes ; but this is only 
tCTnporarj', and speedily passes into the opposite condition, that of 
collapse. The fatty dehm would appear to be partly expelled by 
thenWnMi^o of the urine, partly absorbed; tlieiiriniferous tubes 
being naturally left empty and relaxed. That tbe expulsion of 
the fatty dtbrk is quite possible, is shoiiTi by the familiar occiu'- 
rence of oil-globules and granule-cells in the urine. Some of 
those adhere, moreover, to the outer surface of tbe fibrinous casts 
ifhich aresiraultancously voided (»(.'c below), thus betrajnugthoir 
origin in the uriniferous tubes. Tbe greater part of the fatty 
matter is, however, undoubtedly' removed by absorption. Beer 
found the stroma of the kidjieys, especially the stellate inter- 
Bticee for the connective-tissue corpuscles, loaded with oQ-glo- 
btiles. His drawings agree so clbsely with tbe well-known 
appearance of tbe intestinal ^-illi during the absorption of fatty 
matter, that no doubt on the subject is admissible. The iohl 
denudation of the uriniferous tubes seems to be far less con- 
oluaivcly proved. Indeed, the only evidence which can hv 
adduced in its favour, is that of the total obliteration of tbe tubes 
amid the connective tissue of tbe wasted kidney — therefore only 
in the later stages of its contraction. But I have never seen a 
Iddnej' whose cortical substance was made up, either wholly or in 
part, of collapsed and denuded uriniferous tubes. It seems likely, 
therefore, that tbe desquamation caused by the futtj' metaraor- 
phoBis which follows cloudy swelling is provisionally compensated 
by a proportionate aftergrowth and renewal, and that in this way 
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a complete restitution of the q>ithelial lining of the convolated 
tubes lies within the bounds of possibility. Clinical experienoc 
is also in favour of this view. 

It is a. very different thing indeed when the epithelium of a 
uriniferous tube which happens to have been strangled or cut off 
from its supply of nourishment by an interstitial development 
of connective tissue, and whose entire obliteration is merely a 
question of time, tmdergoes fatty d^^neration. Such con- 
ditions are extraordinarily frequent in those kidneys in which 
nephritis, grown chronic, has half completed its work of destmc'- 
tion (see § 562). Here, however, the fatty degeneration is in 
nowise a result of antecedent cloudy swelling ; it merely serves 
to show that the uriniferous tube is no longer supplied with an 
adequate amount of nutrient matter, in consequence of which 
the epithelial elements, which contain much protoplasm, and are 
therefore in want of an abimdant supply of pabulum, fall a prey 
to necrobiosis. The minuter details, indeed, in this form of £att}^ 
degeneration, are the same as in the acute Miriety; but the 
cells do not all die at once ; on the contrary, all stages of the 
process are fomid side by side, as might have be^i anticipated 
from the etiology of the disorder. 

§ 538. Fibrinous casts. One of the most important signs 
of the existence of hypersemic and inflammatory changes in the 
kidneys is afforded by the discovery of the so-called " fibrinous 
casts " in the urinary deposit. These are colourless, hyaline 
cylinders, which agree so exdctly with the known dimensions of 
the uriniferous tubes, that their true nature, as casts of liie 
straight tubuli, would hardly be doubtful even although they 
had not been demonstrated m situ (fig. 157). Another st^ 
brings us to the conclusion that these casts must have originated 
after the same fashion as the casts of the bronchioles in croupous 
pneumonia ; following up this notion, we arrive at the theory of 
a croupous nephritis with a fibrinous exudation into the tube*. 
In aid of this view we have the highly plausible suggestion of 
Trauhcy that the rise of the blood-pressure in the medullazy 
cones must needs lead to the filtration of progressively dennr 
blood-constituents through the walls of the vessels; firgt of 
albumen, then of fibrin, lastly of corpuscles. This theory, 
owing to Traube^s reputation as a worker in the field of renal 
pathology, is very generally accepted in medical circlet. Even 
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', the only objection that oaii be brought against it is, that 
the so-called " fibrinous casts" are not believed by chemists to 
oonaiet of true fibrin at all. This objection, however, does not 
J m any way invalidate the main feature of Traithc's doctrine, 
I «c. that the degree of albuminuria is directly proportionate to 
1 the degree of congestion of the medullary substance of the 
[ kidneys. 

It may be doubted whether the fibrinous casts can be pro- 
duced at all without the active participation of the uriniferous 
tubes. I have long been in favour of the view that the epi- 
thelial cells with which the straight tubes are lined generate a 




lu the interior of a uriniferous tube ; (, e. 
leea rirhly coaled vith fattf mole- 



coUoid material in their protoplasm, which they then pour out 
into tho interior of the tubes. The appearances in tig, 156, JJ, 
aeem to me to admit of only oue interpretation, namely that the 

ieansolidation of a cylinder of fibrin, a, which occupies the axis 
of a tube, is followed by a renewed production of colloid matter, 
d, from the epithelial elements, /•. Yet I mustad!mit with Klc/js 
that here, as elsewhere, the possibility of some simple exudation 
from the protoplasm of the epithelial cells, perhaps of post- 
mortem origin, perhaps due to the mode of preparation, cannot 
I be ^eluded. The matter is not yet ripe for a decision ; and as 
I.H Inu been recently shown [Hfjnsim) that tbe blood-corpuscles 
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contain fibrin, we have to bear in mind the possibility that the 
fibrinous easts may be a product of the lixiviation of extrava- 
sated blood-corpuscles. Provisionally, we must content our- 
selves with the statement that a fluid substance of albuminous 
nature is poured into the uriniferous tubes, forming a cylindrical 
cast by its coagulation. Should there be any detached ceUs 
lying in the tube, as happens in catarrhal states, these will be 
fixed in the middle of the cast. Then the outlines of the cylin- 
der grow sharper and more defined, and its forward movement 
— ^its expulsion — ^begins. This is effected by the vis a tergo of the 
urine, and meets with no hindrance, owing to the extremely 
flexible and slippery character of the cylinders, notwithstanding 
the manifold turnings and windings of the path along which 
some of them, at least, have to travel (fig. 154). In particular, 
the passage of the casts from the ascending limb of the looped 
canals into the efferent drains takes place very readily, owing to 
the greater calibre of the latter. The majority of the casts are 
actually formed in the looped tubes, the thickness of those which 
are met with in urinary deposits corresponding more commonly 
to the calibre of the looped tubes than to that of the wider 
efferent drains. It is only by way of exception that fibrinous 
casts are formed in the convoluted portion of the tubes ; those 
casts which occur in sections taken from the cortical substance 
lying not in the tubuli contorti -proper, but in the lacunar fissures 
of Schiceiggery or in the efferent ducts, which, according to the 
observations of Henk, permeate the whole of the cortical sub- 
stance imiformly, forming an independent system of canals, and 
which may therefore be met with among the convoluted tubes. 
§ 539. Amyt.oid infiltration. I am convinced that fibrinous 
casts which have become impacted in the narrowest portions of 
the tubes, particularly in the bent part of the looped tubes, swell 
up in course of time and become glassy, exhibiting the micro- 
chemical reactions of amyloid matter, eg. taking a brownish- 
red colour on the addition of iodine. This is the only way in 
which I can explain the fact, that in kidneys otherwise pro- 
foundly altered, though not lardaceous, amyloid cylinders are 
met with in the bent part of the looped tubes, blocking them to 
a considerable distance. These cylinders cannot be supposed to 
consist of altered epithelium {see below), for the epithelial layer 
may be seen in a state of excellent preservation between them 
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and the bosement-niombrane of the tubes. Moreover, amyloid 
inlilt ration of the cpitheliul cells is only found in the extremest 
examples of the lardaceous kidney ; so that in order to account 
for these isolated amyloid cylinders, we are compelled to take 
refuge in tliut localised production of amyloid substance firom 
"coagulated albuminous matters retained in situ" which hua 
been more fully discussed in g 50. 

In the generalised form of waxy kidney {Cf. § 564) the 
nriniferous tubes are not, aa a rule, the first to be involved. The 
chief deposit occurs in the transparent hyaline membranes, which 
swell up considerably, present a brilliant lustre in trunsverso 
sections viewed by transmitted light, and yield the usual I'eaetions 
with iodine. The epithelial cells resist the change for a much 
longer period. When they finally succumb, they swell, their 
outlines become indistinct, they blend with one another, and the 
complete obliteration of the axial lumen of the tube coincides 
with the formation of an amyloid cylinder which still retains 
indications of its original corpuscular composition in the wavy 
bulging of its outlines {Kfij). Amyloid infiltration of the 
uriniferous tubes is found together with a similar alteration of 
the vessels, particidarly of the vasa recta, chiefly in the papilltD 
<rf the kidney ; from this point, however, it radiat«s even int« the 
pyromida of Forrein. I have never observed it in the convo- 
luted tubes ; though I do not doubt the itossibility of its occur- 
rence in fhom. But it must always be very hard to distinguish 
the diseased tubes trom the vessels which are similarly affected. 

§ -540. Cystoii) DEG£»iiK.\TioN of the urinil'eroua tubes is 
due either to plugging or obliteratiou. It takes place according 
to the general laws which regulate the development of retention- 
cysts, presenting however some very ejssentiul local modifications. 

A very common obstacle to the escape of urine is offered by 
the amyloid cylinders impacted in the looped tubes, as described 
in the foregoing section. In their immediate neighbourhood, 
minute cysts as big us a pea and under are often found scattered 
through the medullary wubatanca of the kidney ; those eysts are 
sometimes feiv in nmnber; sfuuetimcs so nmneroiis us to touch 
one another, forming beaded rows, &c, (ftg. lG(i,y'). 

If we divide the entire length of the modullarj- suhstaneo 
into four equul parts, the second quarter, counting from the 
I>a[)iUa, is imquestionahly the favourite scut of cysts of this 
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description; from this point tiiey decrease progressiyely in 
number as we approach the cortical layer; in the immediate 
neighbourhood of the papillaa, they are as invariably absent as 
they are at the cortico-medullary boundary, or at that of the 
pyramids of Ferrein. As regards the details of their develop- 
ment, it would seem as though a gelatinous softening of the 
plug itself played an important part in the earliest stages of the 
dilatation. Until they reach the size of a pin's head, the cysts 
do not contain a clear or urinous fluid, but a substance which 
readily coagulates on the addition of alcohol, chromic acid, &c., 
exhibiting a concentric lamination in transverse sections; it takes 
up carmine readily, and retains it very firmly ; it is, in short, a 
semi-solid, gektinous modification of albumen. In the indi- 
vidual cysts of this size, neither epithelium nor basement mem- 
brane can be detected ; and they pass so iminterruptedly into 
the surrounding tissues, that one cannot but adopt the notion of 
a process of centrifugal softening. The latter, indeed, is neces- 
sarily confined within very narrow limits ; the larger cysts are 
sharply marked off by a capsule of connective tissue, their con- 
tents becoming structureless, transparent and watery. These 
more elaborate investigations must not be allowed to shake our 
faith in the views put forth by Beckmann, and accepted by 
Virchow, to the effect that the smaller, multiple cysts of the 
medullary substance, which occur in cases of interstitial 
nephritis, are really due to retention. 

§ 541. Cf/8tft (hie to strangulation of the tubes are found in the 
cortex of those kidneys in which an inflammatory overgrowth 
of the connective tissue has occurred chiefly about the larger 
renal vessels at the cortico-medidlary junction. These cysts may 
either be solitary, or so numerous as to occupy the entire cort^, 
leaving only a small residue of relatively h^thy parenchyma. 
In the latter event (that of cystoid degeneration) we have our 
best chance of tracing the development of the cysts through all 
its stages. Virchoic has recently warned us, very justly, against 
the notion that each cyst originates from a single uriniferous 
tube. On the contrary, the first rudiment of a cyst is composed 
of a round circumscribed spot, about the size of a hemp-s^eed, in 
the region of the convoluted tubes; within this area all the 
tubes are markedly dilated and their walls Aised together; so that 
in the aggregate, they present the appearance of a single cyst 
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traveraed by thin septa. These eeptu noxt undergo iitmphy 
where they are thinnest; the dilated tubes communicate witlioni- 
■mother, and finiilly coalesce to fonn a single cy«t of larger 
dimensions. The remains of the septa elirink back like u toni 
cobweb upon the walls of the cyst, whei'e they may be found even 
in cysta of considerable size. The cysts originally contain it 
urinous fluid ; even in specimens of large sixe I have detected 
urea in considerable quantity (by evaporating the fluid with 
■■eveml times its volume of rectified spirit, extracting the residue 
■with absolute alcohol and ether, and treating the extract with 
nitric acid) ; this circumstance being especially noteworthy in 
the iuKe of the wholly negative results arrived at by Brckitiami. 
Blood is not seldom found in these cyata, giving them a brownish 
or ochrey tinge ; albmnen miiy also be present, when it coagulates 
on boiling. 

§ 542. CongmUal cysU of the kidney originate in precisely 
the same way as the cysts resulting fram interstitial nephritic, 
A child is bom ; it dies during birth, or afttir making a few vain 
attempts to breathe. The cause of its death is found to be a 
cystoid degeneration of both kidneys, in consequence of which 
eaoh of these organs is represented by a tumour some two" incht-s 
in length and an inch and a half in thicknes,i. The diaphragm 
ia pushed upwards ; the lower half of the thoiux is funnel-shaped 
and contains the liver, no room being left for the lungs to 
expuiid. On investigating the mode of origin of these cysts we 
find that they invariably start from tlie Itlalpighian bodies. Side 
\ify side with some which are jjerfectly normal, we find others ui 
which the capsule has retreated from the vascular tufts, leaving ii 
^ping crescentic interval of variable widlh. The gi'eutei' the 
ize of this interval, the more nearly will the glomerulus resemble 
mere projection from the wall of the cyst; it can still be found, 
liowever, even in cysts us big as a pea. The uriuiferous tubes 
may also undergo cystoid degeneration in their continuity ; but 
mcb cyets are always formed by the dilatation of a single lube ; 
lliey never originate or increase in size by the exmlescence of 
■«nil tubes. On the contrary, the larger the cyst, tlie thicker 
the intertubular septa appear to become. Moreover, these 
ore abundantly furnished with Ij-mphatic spaces, which may 
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be admirably injected from the perivascular connective tissue of 
the hilus. The development of the vascidar system is excessively 
meagre ; the calibre of the renal artery, where it leaves the aorta, 
is so narrow as barely to admit a pin ; the vein is relatively 
wider. 

The proximate cause of this congenital cystoid degeneration 
is said by Virchow to be the intercalation of a mass of connective 
tissue between the calyces and the papillaD of the kidney ; I agree 
with his view, without however allowing myself to express any 
definite opinion concerning the nature of this connective tissue. 
If it be true that the tubuli uriniferi and the calyces grow 
towards each other during the development of the organ, then 
it would seem as though, in these cases, their junction were not 
accomplished. 

b. AUeratiom in t/ie Connective Tissm, 

§ 543. Before proceeding to inquire into those morbid 
changes which set out from the connective tissue of the kidney, 
we must say a few words concerning the nature and distribution 
of this substance in the normal state. On teazing out a bit of 
a recent kidney on a slide, and placing it imder the microscope, 
we might reasonably doubt the very existence of any connective 
tissue. The eye can detect nothing but seemingly naked 
uriniferous tubes and blood-vessels. A very careM inspection 
of the individual tubes is requisite to enable us to see minute 
shreds of a substance resembling a coagulum, and often finely 
granular, attached to them here and there; this it is which must 
be regarded as connective substance. On the other hand, 
sections taken from various parts of the organ which have been 
soaked for a little while in a solution of carmine, and then treated 
with acetic acid, yield far. more satisfactory results. They serve 
to convince us most completely, that both in the medullary and 
the cortical substance, the uriniferous tubes on the one hand, the 
blood-vessels on the other, are held together by an organised 
cement which is none other than the connective substance of 
which we are in search. A basis-substance, which clears up on 
the addition of acetic acid, contains in spindle-shaped and stellate 
interstices of corresponding size, the familiar corpuscles of con- 
nective tissue. As a general rule, we find one corpuscle in each 
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I of the triangiilar Inciinss wliich arc left between the circular 
outlines of tlie ducts when these are cut across, This arrange- 
ment holdx in the region of the convoluted tubes ; towards the 
papilla! the width of the triangular lacunm increases, and the 
number (if the corpuscles becomes great«r ; the tip of the papilla 
being formed by a plute of dense connective tissue, very like 
a neve, owing to the numerous foramina for the transmission of 
I the efferent canals. Larger accumulations of eonnectivo tissue, 
1 whose bus is- substance may even present incipient fibrillation, 
' lire met with, us has been already stated, round the greater 
vessels and the vasa recta, 

S 644. A formative irritation of the connective tissue of the 
kidneys, either primaiy or secondary, diffuse or circumscribed, is 
I more or less decidedly associated ^vith all inflammatory conditions 
! of the organ. Reserving all minutim concerning the manifold 
varieties of this morbid state for our future description of " the 
inflamed kidney," we shall content ourselves for the present 
with tracing the sequence of the textural changes. It may 
follow different directions. Jifrt- distinguishes between a simple 
and a corpuscular overgrowth (hj-perplasia), understanding by 
the former a gradual timiefaction of the interstitial tissue, during 
which its structure exhibits only one observable moditication, w. 
that the corpuscular elements tend to become enlarged ; their 
nttrobcr remains unaltered ; as for the intercellular substance, it 
aeems to increase in amount in projwrtion to the enlargement of 
the connective- tissue corpusclee. The remaining changes arc 
of a subordinate character; it would seem, namely, that in 
|>roportion as the intercellulur substunce accumulates in greater 
quantity, it t^os on more of a "fibiTlhir" character. On 
the whole, the entire series of changes admits of being re- 
garded as an overgrowth of the wimiective tissue, in the 
narrowest sense of the word — an a uniform increase of all its 
tnxtursl elements alike. It is not so much a result of inilam- 
niatory changes proper, as of prolonged venou'* congestion; 
here, however, confuwion is not unlikely to arise, inasmuch as the 
active congestion whicli ushers in inflammatory' changes, is tike- 
wise asaociatwi with a tumefaction of the basis-substunce and of 
the connective- tissue corpuscles, due to a thorough saturation 
with serous fluid, 

!J 545. Of greater moment for the pathology of nephritis is 
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the process described by Beet under the name of " corpuscular'* 
overgrowth (hjrperplasia) ; it is synonymous with the " recent 
inflammatory^^ or " plastic" infiltration of the connective tissue, 
which I have so often described, consisting in the accumulation 
of cells devoid of membranes, equivalent to colourless blood- 
corpuscles, embryonic cells, &c., wherever there is room for 
them to accumulate. It is hard to ascertain the source of these 
cells. Not that we lack plausible hypotheses to accoimt for 
their origin ; on the contrary, we have too many such. We must 
therefore leave it undecided to what extent they may be colour- 
less corpuscles which have emigrated firom the vessels, or the 
newly-formed progeny of the connective-tissue corpuscles of 
the kidney. Microscopic examination of transverse sections 
shows us that the intertubidar septa of connective tissue are 
often three times as broad and thick as they usually are. Where 
the young cells are somewhat sparse, they lie in ordered rows ; 
where closely packed, they form continuous masses. A double 
or triple zone of such ceUs usually environs each Malpighian 
capsule ; a pregnant fact for the due understanding of the next 
stage in the degenerative process (fig. 158). 

§ 646. It is only in certain very definite cases, that the cor- 
puscular proliferation transgresses the limits between embryonic 
tissue and pus. The pus invariably collects in the form of 
abscesses, whose shape and size depend on the cause of the sup- 
puration. The embryonal condition of the interstitial connective 
tissue, such as we have hitherto observed it, is commonly followed 
by a reduction in volume, which we cannot but compare with 
the nhrinking of a cicatrix. There are legitimate objections to 
this view, however. What really does occur, and can ever3rwhere 
be demonstrated with ease, is not an alteration in the quality of 
the connective tissue, but a recession and obliteration of those 
other textural elements of the kidney which are embedded in 
the connective tissue, «r. of the uriniferous tubes, blood-vessels, 
tmd Malpighian tufts. A gradual shrinking, associated either 
with u fatty metamorphosis, or with a condensation of their sub- 
stance by compression, may be observed in all these structures. 
The Malpighian bodies wither, so that we find in their stead 
minute spheroidal bodies of peculiarly tough and dense con- 
sistency, containing not a trace of blood. These bodies are 
made up of a non-laminated nucleus, corresponding to the com- 
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IbfesHcd vascular tuft, and a thick, concentricaUy-luminatod cup- 
pale of connective tissue, which invests this nucleus. In the fuce 
ti these appearnnces we can hardly ovoid supposing that an actual 
ptrungulation of the i-c/e i/tii-tibik- has here Inkeu place, due 
■imply to the spontaneous contraction of connective tissue which 
liua bcGomo cicatricial (fig. 160, i/). This, however, is the only 
fact which lends colour to the theory of a qiiiilitaUcc alteration in 
tho young connective tissue. Indeed, simple compression would 
Kuflice to explain the phenomena, since the mere obliteration of 
the uriniferous Iwhes, c.jr,, would make the most extreme dim i nu- 
ll of tho entire kidney intelligible. Even in extreme cases of 
ntracted kidney, no appearance of delicate stritc, or of fibrilla* 

Fig. 158. 




I, «an over be detected in tho encroaching connective tissue ; 
1 as for the corpuscle* (whose ntimbcr in\ariubly tmdergocs a 
great reduction during the development of cicatrices), I hove 
never yet been able to convince myself of any notevrorthy dimi- 
nution in their number. 

J( 547. Very int«resting, and bearing closely upon the histo- 
logical signihcance of "homogeneous membranes," in tlic be* 
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glomemli and the degenerated arterioles, while the medullary 
substance presents a crown of finely-radiating lines of the same 
colour, which are most closely aggr^ated just above the papilla, 
becoming more and more scattered as we approach the cortico- 
medullary junction. 

In very extreme cases of amyloid kidney, cver3rthing en- 
dowed with a homogeneous membrane is found infiltrated — 
vessels and uriniferous tubes alike ; the connective tissue alone, 
together with most of the epithelial cells, remaining free. 



2. The individual forms of Nephritis. 

§ 549. Let us endeavour, with the aid of the histological 
knowledge we have acquired, to construct a series of well- 
marked or frequently-recurring combinations, the individual 
members of which are usually grouped together imder the 
common head of ''inflamed kidney." The frequent union of 
undoubtedly inflammatory with non-inflammatory states (e.g. 
with conditions of degeneration or of simple overgrowth), obliges 
us to include some account of the cyanotic and the purely 
amyloid kidneys, though these may not appear strictly to belong 
to the group. 

a. Hypcrcomm — Ct/nnptic induration — Nephritic due to pamve 

congest ion. 

S 550. In the kidney, as in other organs, we must distin- 
guish between active and passive congestion, regarding the 
former as the introductory stage of inflammation, the latter as 
the result of some mechanical hindrance to the escape of blood. 
To the morbid anatomist, however, the presence of either of these 
forms of congestion is announced by one and the same phe- 
nomenon, which varies, at most, in the degree of its intensity ; 
8C, an accumulution of blood in the venous system of the kidney, 
extending to a variable distance into the arterial half of the 
capillary tract ; the arteries themselves, as far as the glomeruli, 
always containing but little blood. The glomerulus itself takes 
up a position of its own in this respect ; for it can only be made 
to part with a certain quantity of its contained blood, by a direct 
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diminutioQ of it» capacity in consequence of presaure from with- 
out ; apart from thin, it invariably presents itself as a red dot 
on the cut surface of the organ, 

S 551. The moat intense degree of renal hj'pera^miiL is chu- 
ructerised by ii very marked intumescence of the entire organ, 
which may increase in bulk by about one-third. The capsule 
peels ofi' very readily, owing to the seioxis saturation of the 
parenchyma. The latter is of a bluish-red hue, moist and 
smooth ; the steUtihe Verhet/nii are well marked, and may be 
traced even with the naked eye into their finer ramifications, 
the inter- fascicular veins. In transverse sections, the main 
bulk of the blood is found to have sl^ignaf^d in the region of the 
convoluted tubes ; the glomeruli are not filwuys exceptionally 
gorged ; and this may possibly furnish us with a meuns of 
discriminating between uctiie and pussivo congestion. The 
medullary substance, particularly in the region of the vasa 
roctii, presents a number of doep-red radiating strife, obWousIy 
due to engorgement of the veinn. 

In minor degrees of congestion, the redness and swelling in 
the region of the convoluted tubes are wanting ; on the other 
hand, the distension of the stellate veins, of the glomeruli and 
the VBsa recta, is less only in degree ; it is never absent, ua I 
have already said, even in the healthy kidney, and cannot of 
course be regarded as a phenomenon intrinsically morbid. 

$ 552, Should the renal congestion be a chronic state due ia 
venous stasis, further alterations ensue ; foremost among these 
18 that simple overgrowth of the interstitial connective tissue 
which has been more fully described in a preWous section 
(S 544). This occurs quite uniformly throughout all the regions 
of the kidney, differing thereby very essentially from the cor- 
puscular tbrm of overgroi\i;h ; the organ as a whole increasing 
uniformly in weight, bulk and consistency. Most striking is the 
increased toughness of its tissue ; this ia the more likely to lead 
to confusion with " inflammatory induration "of the kidney, as a 
proliferation of connective tissue actually does occur in the 
present case. Accordingly, some authors have set up a category 
of "nephritis from passive congestion," although the develop- 
ment of (he connective tissue is merely a result of improved 
uutritimt, and is therefore of a distinctly homologous character. 
Xcither the blood-vessels nor the urinifenras tubes are in any 
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abundantly furnished with casts ; it may or may not contain 
blood; it never contains pus. The disorder sets in acutely 
with severe pain, and may, owing to the arrested function of all 
the epithelial cells in the convoluted tubes — a phenomenon which 
is nearly identical with suppression of urine — ^lead to a speedily 
fatal end. Death occurs with symptoms of uraemia and dropsy. 
Acute parenchymatous nephritis is always a result of toxaemia, 
in the broadest sense of the word. It may be excited by the 
acute exanthemata, particularly small-pox and scarlet fever, by 
phosphorus, typhus, cholera, pyaemia and puerperal processes. 

§ 555. Recovery from parenchymatous nephritis takes place, 
in the milder forms, by a resolution of the solid albuminates 
which occupy the cells of the convoluted tubes ; in its more in- 
tense forms, a process of fatty metamorphosis, whose beginnings 
we usually see in cases which prove fatal, occasions a total 
disintegration of the epithelial cells. The loss is covered by a 
development of cells de naco ; the connective tissue must un- 
questionably be regarded as the agent in this process of repair 
(Cf. § 537). 

c. Intrrstlfial Nephntifi. 

8 556. — 1. Circt^ms(;ribed suppurative form. a. Renal 
AlMceftspH in Pt/elifM. The kidney is markedly enlarged. Its 
capsule and the adipose tissue in which it lies, are congested and 
oodcmatous. The former does not always admit of being stripped 
off ^\^thout loss of substance ; very commonly, small shreds of 
parenchyma destroyed by suppuration remain attached to it — 
shreds which previously covered in one of the abscesses to which 
allusion will presently be made. The remainder also of the inner 
surface of the capsule is not as smooth as usual, but rough and 
velvety. At various points on the denuded surface of the organ, 
wo notice slight straw-coloured elevations, which attentive 
examination forthwith proves to be purulent deposits. They are 
of an average size of half a pin's head ; either solitary' or arranged 
in groups of from three to six. If we proceed to examine the 
boundaries of the great Malpighian pjTamids, which are indicated 
by shallow depressions of the surface, we commonly find that all, 
or at least the great majority of the abscesses, are situated in the 
base of optp of these pyramids, while others are absolutely free. 
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siuTounded by an intensely red areola. It hns 
a the groundof their dimensions, that each abscesN 
e or less to one expanded lobule ; this, however, 
ia incorrect ; the centre ol' the abscess corresponds in position to 
on inter-fascioulur vein, where it emerges from below, as will be 
seen on further investigation. The remainder of the surface is 
moderately congested ; this congestion extends unil'ormly over 
the entire surface of section as well ; yet everything seems 
clouded with a greyish veil — the optical effect of a moderate but 
uniform corpuscular overgrowth of the connective tissue (§546). 
The cut surface (by which I invoi'iahly mean the principal 
section, which, carried from the greatest circumference of the 
organ to its hilus, divides it into two equal halves) also fiimishes 
data for the determination of the seot and distribution of the , 
absces^s. Thei»! appear in section as long streaks of yellow pua , 
which correspond, in the medullary substance, to the tissue sur- 
rounding the vusa i-ecta ; in the cortex, to the inter- fascicular 
vosaels, or rather to the bonds of connective tissue which accom- 
pany those vessels. They are always most densely aggregated 
in the medullary substance, most of the abscesses in the cortical 
layer appearing as outward extensions of the suppurative process 
from the medulla ; even the dots of pus which are seen on the 
surface of the organ prove, upon occasion, to be merely the outer 
ends of abscesses which extend very nearly ua far as the papilla. 
The uriniferous tubes of the medullary substance are in a state 
of desquomiitive catarrh (§ 535). 

The calyces imd pelvis are always dilated ; their lining 
membrane in a state of suppui'ative catarrh {Pi/eUtis}, iu patches 
diphtheritic ; they contain a certain amount of very fetid ommo- 
niacal urine, which yields an ahunduul deposit of pus-corpuaoles 
and triple phosphate. The same condition is found in the ureters, 
possibly in the bladder, nay, even in the urethra. The i-enul 
disease is therefore an inflammation which has beeu propagated 
from the gi'eater urinurv' passages. Begimiing as u superficial 
affection, it no sooner ex^tends to the renal parench^^ma than it 
involves all the connective tissue of the kidney ; and this, in its 
turn, culminates in suppuration at various points. The localisa- 
tion of the suppurative process may possibly be influenced by 
the more abundant accumulation of connective tissiu? around the 
vasa recta and the cortical veins. 
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§ 557. Suppurative changes in the kidneys are of course 
highly dangerous to life ; it is obvious, however, that the degree 
of danger must depend very much on whether both kidneys are 
affected, or only one. In the former event, death usually occurs 
firom uraemia. In the latter, provided the patient survive, there 
is the prospect of a further series of structural alterations. A 
total arrest of the process — ^inspissation, cheesy metamorphosis, 
calcareous transformation of the pus and its encapsulation — is 
only possible within very narrow limits. As a general nJe, the 
pus forces its way into the pelvis of the kidney at the apices of 
the papillae. Should this have taken place at more points than 
one, the medullary cone terminates in the pelvis of the kidney 
by an ulcerated surface of very irregular form, which increases 
rapidly in size by necrotisation of the most prominent residual 
portions of the tissue, and burrows deeply into the parenchyma 
by progressive suppuration. Should diphtheritic changes already 
exist in the urinary passages, the^ are invariably propagated to 
the denuded surface of the renal parenchyma. The diph- 
theritic sloughs are detached, but only to give place to new ones. 
The renal parenchyma is gradually eaten away, a thin layer only 
remaining to line the capsule. 

It sometimes happens (though very rarely) that the pus 
makes its way through a rent in the capsule. This leads to the 
formation of inflammatory foci and dependent abscesses in the lax 
retroperitoneal connective tissue ; these abscesses may burst at 
various points, e.g. xmdcr Poupart's ligament. 

§ 558. 6. Embolic abscesses of the kidney. The description 
given in § 556 of pyelitic suppuration needs but trifling modifi- 
cations to make it equally applicable to the embolic variety. 
These modifications refer chiefly to the earliest stages of the 
mischief, the haemorrhagic element predominating in embolic 
abscesses of the kidney, just as in the analogous lesions of the 
lungs. The plug is rarely arrested in one of the main branches 
of the renal artery ; it is usually foxmd in one of the arteriolw 
ascendentes or even in one of the ram afferentia. The size of the 
deposit is naturally proportioned to the calibre of the plugged 
vessel. The disorder sets in with intense hyperaemia, which 
waxes till blood is actually cxtravasated into the uriniferous 
tubes. The extravasation occurs, as a rule, in the centre of the 
deposit ; hence the latter, when recent, presents a central nucleus 
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deep red Ime, witli blurred edges, like n flea-bite in the skin 
'Virchoic). At a later ijeriod, the centre becomes j-ellowish- 
'titc ; Buppuration has bepun, and leads to the formation of an 
ibsccsK which no longer differs from the pyelitic variety. In 
ith forms we gften find a multitude of abscesses in one Mal- 
pighian pyramid while the rest are free. This ia explained by 
assuming that an embolus of considerable size has been splintered 
aguinst the varioas forks which it has bod to pass ; all its frag- 
ments Laving penetrated into the finer ramifications of the 
affected lobe. On the other band, the embolic may be distin- 
gnished from the pyelitic kidney, even with the unaided eye. by 
the absence of catarrhal and diphtheritic changes in its peUHs, 
and by the predominant implication of the cortical substance. 
In pyelitis it is the medullary substance, in embolism the cortex, 
which contains the greatest number of abscesses. 

P 559. — 2. DiFFi'SF. ^■o^■-sr^p[."K.\Tl^■E form. First stnge. 
The kidney is much enlarged ; the capsule peels off readily ; it is 
"" ickened and juicy, showing ita participation in the inflammatorj' 
The consistency of the organ is soft and doughj- ; its 
of a whitish hue, pale by contrast with a few stellate 
veins : on bisecting the kidney, we are struck at once with the 
singular contrast between the cort.icnl and the medullary layers. 
The alteration in volume, consistency and colour, above referred 
to, ifl confined to the cortex ; this is of a yellowish- white eoloui- 
throughout, exsanguine, save for its Malpighian bodies, which 
look like red dots on a pale background ; it bulges from the cut 
ice, while the medullary cones, though sometimes much cou- 
ited, are not otherwise altered. In its naked-eye characters, 
morbid change we are now considering resembles the paren- 
ij-matous form of nephritis verj- closely (§ 554). The increase 
bulk is not indeed so great, the consistency not bo soft and 
ibby, the colour not so yellow, tending rather to a milky- 
white ; but some practice is needed before an observer can dis- 
tingnisb between the two forms on criteria so uncertain. Micro- 
scopical examination can never be dispensed with. It shows us 
that the appearances in question are essentially due to a corpus- 
cular overgrowth of the connective tissue in the region of the 
convoluted tubes and the Malpighian capsules (§ 546, fig, 159). 
* overgrowth may roughly be called "diffuse," inasmuch as 
section of the renal cortex of any size is absolutely free from 
VOL. IL m 
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it ; this, however, does not exclude marked inequalities in tbe 
aggregation of the young connective tissue within the limits of a 
microscopic section ; it does not prevent our meeting with places 
where the accumulation in question has increased the thicknees of 
a aeptum of connective tissue to two or three times its normal 
standard, side by aide with others which ore still quite normal 
(fig. 159). To the unaided eye, these minor degrees of difference 
are imperceptible ; the multitude of young cells, here as wherc- 

Fio. 159. 




Corpuscular overgrowth of the interstitial 



over else fhey exist in large amount, gi^■ing the entire tissue a 
whitish tinge, which is all the more marked in proportion to the 
emptiness of the blood-vessels. The blood is squeezed out of the 
cortex just as in parenchj-matous nephritis; the post-mortem 
appearances do not possesa on absolute value in either case ; they 
ser^-e merely ns a clue to what existed during life ; in either case 
the kidney may be readily and completely injected from its 
arterv. One circumstance alone desen.-es especial mention here, 
inasmuch as Traulie has assigned a direct diagnostic valne to 
it : VIZ. that the Malpighian tufts ore somewhat differently 
placed from Uie remaining blood-vessels. They are situated in 
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the interior of the uriniferous tubes, and even though they seem 
ultimately to be very thoroughly constricted (contracted kidney), 
yet they are at first shielded from external pressure by their 
intracanalicular iM)sition, and therefore continue in a congested 
state much longer than in parenchymatous nephritis. Their 
engorgement may even go so far as to cause extravasation, and 
as the flow of urine into the greater passages is not in the present 
case hindered by any swelling of the epithelial lining of the 
uriniferous tubes, the extravasated blood makes its appearance 
in the urine, and may thus help our diagnosis. 

§ 560. Second stage. Contraction of the Kidney. The 
kidney shrinks to one-half, or less than one-half, its normal size ; 
ita diminished bulk is rendered more striking when the organ 
is bisected in the usual way, and the simultaneous enlarge- 
ment of the hilus thus exposed, due to a retraction of the 
papilhe and of the columns of Bertin. If we follow Henle 
in regarding the kidney as a sac ^vith disproportionately thick 
walls, we may say that the inner and outer surfaces of those 
walls are approximated to each other, a phenomenon only ren- 
dered possible by a contraction of the substance of the sac itself. 
The capsule is very adherent in parts ; it is of a whitish tint, 
tough, and furnished with tolerably capacious vessels which in- 
osculate with those of the pcrinephritic adipose tissue. The 
surface of the kidney is irregularly granular. The hemispherical 
protuberances varj' in diameter from one-tenth of to half a 
centimetre ; their colour is a yellowish-grey, while the retracted 
inter\'als exhibit a pui'c grey or reddish hue. The leathery 
toughness of the entire organ is very striking ; here and there, 
we find cysts which may reach the size of a cherry, filled with 
clear straw-coloured, or grey and purulent contents. On cutting 
the kidney in two, we find that the diminution principally affects 
the cortical layer. This may shrink to such an extent as to form 
a layer only a lino in tliickness over the medullary cones. 

S 561. The aimexed drawing (fig. 160) exhibits a segment 
of a longitudinally divided kidney, including about three lobules, 
under a low magnifying power; the length of the arteriola 
mcendcns {a) corresponds to the thickness of the cortical layer. 
The vessel is tortuous and dilated ; it gives off several equally 
tortuous ram afferent ia to the Malpighian bodies which are still 
I)ervious, while the greater part of the blood (in the present case 
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of the injecting fluid) Las made its way into the capsule of the 
kidney. The latter is much thickened, and permeated through- 
out by blood-vessels and lymphatic spaces, which give it the 
aspect of a perforated network (fig. 160, h). The main bulk 
of the cortex is made up of connective tissue, represented 
by shaded lines in the drawing. Embedded in this connective 
tissue we notice, 1st, the shrivelled remains of a number of 
Malpighian bodies, presenting the aspect of concentrically lami- 
nated spheres of connective tissue of various dimensions (d) 
(§ 546) ; and 2nd, a few scattered tufts of convoluted uriniferous 
tubes, greatly dilated, which have escaped the general disor- 
ganisation. At c is the cortico-medullary boundary ; the me- 
dullary substance forming five-sixths of the entire thickness of 
the organ. This, too, is in nowise healthy. We perceive, first 
of all, the dilatation of the efferent canals and their ramifi- 
cations. The elaborate tufts and convolutions here and there 
exhibited by this system of canals {e, e) forces the notion 
of a vicarious development on the observer's mind. At any 
rate, these are the passages along which the very great quan- 
tities of urine, which are often secreted in the second stage 
of Bright's disease, are voided. The compensatorj'^ effort can 
never be really adequate ; its efficacy depends essentially on the 
chances of voiding, together with an enormous amount of the 
transuded water of the blood, a proportionate amount of the 
urinary solids ; the associated loss of albumen being only 
less hurtful to the organism than the retention of the urea, &c., 
in the blood. But even to allow of this dearly-bought com- 
pensation, it is needM that passages should exist through which 
the transuded matters may escape ; and these passages are the 
tortuous and dilated efferent canals. 

The looped tubes are either unaffected, or they may exhibit 
that cystoid degeneration of their flexures which has been de- 
scribed more fully in § 540, and which is ushered in by the 
colloid metamorphosis of impacted cylinders of fibrin. The 
annexed figure (/) shows a number of these minute cysts^ 
partly arranged in beaded rows, scattered through the immediate 
neighbourhood of the papilla. 
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d. Combination of Parenchymatous with Interstitial Inflammation. 

§ 562. Owing to the great similaritj' of the naked-eye 
characters presented by a kidney in the first stage of a purely 
interstitial nephritis, to those exhibited in parenchymatous in- 
flammation, the two forms have often been confounded ; hence 
the notion of a continuous morbid process, beginning with 
parenchymatous swelling and terminating in contraction. It 
is not by any means my intention to question the possibility, or 
even the frequency, of such a combination ; I need only insist 
upon its being a combination of two states which may also occur 
independently. As an example in point I will cite the so-called 
"mottled kidney," which originates in the combination of a 
moderate degree of contraction, with fatty degeneration of the 
tubular epithelia. The size of the kidney is but little altered ; 
it is rather below than above the normal standard : tolerably 
hard and inelastic to the touch. The capside may be stripped 
off with but little loss of substance. The surface is beset with 
countless granular elevations, which attain an average height 
of one millimetre ; they are convex, not always roimd, but 
curiously whorled. They are of an intense yellow colour, 
which contrasts very markedly with the reddish-grey of the 
intermediate parts. On section, we find that this singular alter- 
nation of yellow and reddish-grey extends throughout the 
whole of the cortex. Microscopic examination proves that the 
yellow parts consist of uriniferous tubes filled with oily matter, 
while the reddish-grey mibetance between them is made up of 
tolerably vascular connective tissue, as well as of obliterated 
uriniferous tubes and Malpighian tufts. 



c. Comhinatian of Amyloid Degeneration icith Interstitial Nephritis, 

§ 563. This is a very frequent combination ; it may be ex- 
plained by supposing that the amyloid change is primary, and 
goes on till the Malpighian tufts have imdergone degeneration, 
when the interstitial nephritis becomes associated with it. The 
mechanical hindrance to the flow of blood through the glomeruli 
graduallj^ determines a collateral hyperajmia of the cortical 
substance, and so paves the way for the corpuscular overgrowth 
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which ensues, either directly, or in consequence of some super- 
added inflammatory irritant. 

The anatomical appearances differ from those in the first 
stage of a simple interstitial nephritis, by the red colour taken 
by the glomeruli on the addition of iodine, amid the yellowish- 
white and swollen cortical substance ; while side by side with 
the contraction of the kidney, wc can usually distinguish an 
infiltration of the renal papilla with amyloid matter (§ 539). 

f. Complete Amyloid InfiUration. 

§ 564. This is very rarely met ^vith. I have only seen one 
case of it ; the preparation is in the Physiological Institute at 
Breslau. The kidney is enlarged to nearly t^\dce its normal 
size ; it is verj' pale throughout, waxy, and — what struck me as 
being especially characteristic — ^the bases of the Malpighian 
pyramids were as sharply separated by intermediate depressions 
as in the foetal kidney. The application of iodine showed that 
all the homogeneous membranes, those of the capillaries as well 
as the basement-membranes of the uriniferous tubes, were im- 
pregnated with amyloid matter. 



3. TmiOURS. 

§ 565. {a,) Cf/sfs. No organ of the body is so rich in occa- 
sional cystic formations as the kidney. It not unfrequently 
happens at post-mortem examinations, that we are surprised by 
the unexpected discover}^ of solitary cysts in the kidney,, 
characterised by their perfectly transparent straw-coloured or 
colourless contents, and the extreme thinness of their walls. 
We know hardly anj^hing about their mode of origin and real 
nature. Inasmuch as the rest of the renal tissue is perfectly 
healthy, exhibiting at most only certain hollows caused by the 
mechanical pressure of the cysts on the parts immediately sur- 
rounding them, we must resign all hope of obtaining light from 
this quarter. Microscopic examination of the cyst- wall shows a 
thin layer of fibrous connective tissue, lined by a polygonal 
pavement-epithelium of great beauty. On chemical analysis^ 
the cysts are found to contain none of the urinary solids ; their 
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contents yield albumen, and vai^-irg quantities of leucin and 
tyrosin. All the remaining varieties of cysts are developed 
from the uriniferous tubes. "With the solitary exception of 
cystoid degeneration of the foetal kidneys, they occur as com- 
plications of inflammatory changes, imder which they have 
already been discussed (§ 540, et seqq.). 

§ 566. (ft.) Cavernous Tumour. Analogous to cavernous 
growths in the liver, tumours varying in size jfrom a cherry- 
stone to a walnut, consisting of erectile tissue, are occasionally 
met with in the kidney. From a clinical point of view they are 
imimportant. They are chiefly situated on the outer surface of 
the organ, immediately beneath the capsule. 

§ 567. {c.) Fibroma. In the midst of a perfectly healthy 
kidney, we come upon solitary nodules of connective tissue of a 
lustrous white colour, very dense and tough, varying in size 
from a pea downwards. They are nearly always situated in the 
neighbourhood of the larger vessels, in the outer part of the 
medullary substance. Virchow ascribes them to a circimiscribed 
interstitial nephritis, the uriniferous tubes being traceable into 
the interior of the growth. 

§ 568. {d.) Leuhhwmic Tumours. Lymphoma. In extreme 
cases of leukhaimia we find, together with similar changes in 
other organs, white marrowy timiours in the kidneys, consist- 
ing of colourless blood-corpuscles embedded in a very delicate 
reticidum. They are either globidar, when they vary in size 
from a mere dot to a small cherry, or they may conform out- 
wardly to the structure of the kidney, by equably filling up the 
interstices between the lobules, and hence assuming a more 
elongated or even wedge-shaped form. The view expressed 
above (§ 524), that the case is really one of extravasation, is 
singidarly confirmed by the fact that a mass of red corpuscles 
may very commonly be detected in the centre of these little 
tumours. (An observation made by Virchotc which I corrobo- 
rate from personal experience.) 

^ 669. (e.) Tuberculosis. Disseminated form. Grey, trans- 
lucent, miliary nodides are imiformly but sparingly distributed 
through the renal parenchjTna. They are developed in the 
sheaths of the minute arteries, and elsewhere in the connective 
tissue, and owe what interest they possess to their association 
with general miliary tubercidosis. 
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Localised form. (P/tt/iim renaUa,) Among the morbid 
appearances which go to make up what is knowii as " tubercu- 
losis of the genito-urinary apparatus" is an affection of the 
kidneys, which, both in its minuter characters and in its coarser 
effects, ranks with the disorder of the inucous membranes de- 
scribed in § 383. The tubercidar einiption begins in the papil- 
lary portion of the kidney, to which it is projiagated from the 
mucous lining of the calyces. The closely aggregated groups of 
grey granidations form at first a continuous infiltration ; they 
then imdergo caseation ; and this often occurs simultaneously 
over a considerable tract, so that we may distinguish zones of 
cheesy matter quite a line in thickness. The softening and 
removal of the cheesy matter is associated with softening and 
extrusion of a corresponding amount of the renal tissue. There 
results a true tuberculous idcer of a putrid kind, which burrows 
deeply into the substance of the organ, eroding first the medid- 
lary substance, and after that the cortex. In extreme cases of 
phtJmis rcnalis the kidney fomis a thick- walled sac with hemi- 
spherical protrusions, each of which corresponds to a Malpi- 
ghian pyramid. A continuous idcer, occupying the interior of 
the sac, likewise extends to the surface of the pelvis and ureter, 
while the projecting folds which separate the individual calyces 
from one another are partly destroyed, partly pressed back upon 
the wall of the sac. Of the renal parenchjTna, there may remain 
only a scanty residue of cortical substance to line the capside ; 
or it may have wholly disappeared, the floor of the ulcer being 
formed by the thickened capsule itself, which is, moreover, 
studded throughout with tubercles. 

§ 570. {/.) Carcinoma. Cancer occurs in the kidney in all 
forms, both primary and metastatic. Foremost in importance 
are the primary soft cancers. These are not common, but 
owing to their position and size, they necessarily give rise to the 
most serious disturbances when they do occur. Cancerous kid- 
neys may attain dimensions of twelve inches by six. Owing to 
the imifonn distribution of the cancerous dei)osits, the kidney 
usually retains its proper form, at least in its broader outlines ; 
in other cases we remark single nodules of colossal size, each of 
which replaces a Malpighian pyramid, side by side w^th smaller 
deposits which correq)ond only to groups of lobules. That the 
morbid products do really take the place of the normal tissue. 
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not merely pushing this aside, is clearly shown by the fact that 
we can still recognise, in the interior of a cancerous nodule, what 
jmrt of it was formerly medullary substance, and what part 
cortical. This marked character of substitution, exhibited by 
renal cancer, is so far interesting in regard to the histological 
features of its genesis, as it supports the view recently adopted 
by Waldcf/er, who regards the epithelioid elements of the tumour 
as the direct progeny of the renal epithelia. Wakkyer suc- 
ceeded in isolating fragments of a net^'ork of cancer-ceUs, beset 
with sprout-like processes, which he took to be cylinders of 
tubular epithelium thickened by an autochthonous proliferation. 
Cancer of the kidney, in common with other cancerous growths, 
had hitherto been believed to originate from the connective 
tissue ; the retention of the main features of the organ being 
explained by the uniform distribution of the substance under- 
going degeneiption — the connective tissue {nee § 69, a 1). 

§ 571. Cancers of the kidney, like those of the liver and 
testicle, are characterised by their richness in wide and thin- 
walled capillaries. These vessels are occasionally torn ; the 
blood escapes in variable quantities, a part of the tumour being 
studded throughout with such extravasations. Hence it is, that 
the term " fungua ha>matodes " has so often been employed to 
designate cancer of the kidney. It is worthy of note, moreover, 
that soft cancer of the kidney is especially prone to invade the 
efferent canals, veins, and calyces, a tendency which occa- 
sionally gives rise to very serious clinical symptoms. For 
should the tumour extend along the renal vein, it must ultimately 
reach the inferior cava. It then protrudes into the latter vessel ; 
fragments are readily broken off and carried away by the blood- 
current. This accident is inevitably followed by pulmonary 
embolism. Shoidd the cancer, on the other hand, project into 
the greater urinary passages, it commonly gives rise to periodical 
attacks of hooniaturia which seriously accelerate the progress of 
the cachexia towards a fatal issue. 



IX -MORBID A]S'ATOMY OF THE OYAEIES. 

1. Inflammation. 

§ 572. The j)hysiological activity of the maturo ovary is 
attended with phenomena which, if they occun^ed in any other 
organ, we should not hesitate to call " inflammatorj'." The 
functional h}'pei'a}iniaD with which we are familiar in the mucous 
membrane of the alimentary tract, in the liver, kidneys, &c., 
cannot be compared, as regards intensity, with that active con- 
gestion of the ovaries which accompanies o\adation. The rupture 
of the follicles, without which the ova caimot be discharged, is a 
spontaneoiis laceration ; blood is poui'cd out ; and it is only by 
a g^dual process of repair, a process which is the physiological 
prototyi)c of healing by granidation, that the continuity of the 
partfi can be restored. The associated phenomena of mensti*ua- 
tion, moreover, exhibit the characters of a violent disturbance of 
vegetative equilibrium. All this shows that il is as difficult for 
the physician as for the anatomist, to di*aw a hard and £ist line 
between physiological and morbid, especially inflammatory' 
changes in the ovary. Their intimate relationship is clinically 
prov^, as well by the fact that the processes connected with the 
extrusion of the ovum may take on an inflammatory character 
by a simple increase in degree, as by the circumstance that the 
true inflammations of the organ present the sj-mptoms of "pseudo- 
menstrual" states. The anatomist has to beware of misinter- 
preting hj-pencmic and hsemorrhagic phenomena, when confined 
to single follicles; he must be careful not to misunderstand 
thickenings of the tunica albuginea, and puckered cicatrices on 
the surfiice of the organ ; he must not be too hasty in assuming 
the existence of atrophy and hypertrophy ; since all these 
appearances are manifested in some measure during the natural 
evolution and involution of the ovary. 

§ 573. SuppuiiATi^'E OOPHORITIS, such as occurs during the 
puerperal state, is unquestionably inflammatory. The change 
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presents but little of histological interest. A thorougli saturation 
of the organ with sero-fibrinous exudation causes it to swell, often 
very considerably ; on section, the ovarian stroma looks sodden 
and CDdematous. AVe notice purident stria) along the vessels, 
extending from the hilus to the periphery ; or else circumscribed 
collections of pus — minute abscesses — may be already present ; 
and these, especially when near the surface, threaten to burst 
into the peritoneal cavity. In the majority of cases, however, 
a suppurative peritonitis is already present, and has enveloped 
the inflamed ovary in a mass of fibrino-purulent exudation. The 
follicles attract attention by their intensely swollen and congested 
state ; they give one the idea that the inflammatory action is 
peculiarly concentrated upon the secreting tissue. Under these 
circumstances, the contents of the follicles are rendered turbid 
by the admixture of cells detached from the memhrana granulosa ; 
so that, upon the whole, the morbid changes might legitimately 
be included under the head of " catarrhal inflammation." Our 
general knowledge concerning inflammation terminating in sup- 
puration and abscess, catarrh, &c., enables us to form a very 
accurate notion of the histology of the process ; it is only the 
consequences, therefore, which a favourable attack of oophoritis 
necessarily entails on the affected ovary, which demand any 
special attention at our hands. 

An inflammatory proliferation, however rapidly it may have 
run its course, invariably leaves a condition of increased vidner- 
ability behind it ; this shows itself in a proneness to a relapse of 
the original inflammation, or to the occurrence of changes of a 
more hyperplastic character. The connective tissue of the old 
stroma is actually replaced in parts by a yoimg embryonic tissue, 
rich in cells ; the greater abundance of corpuscidar elements 
involves a greater irritability of the organ. Now if we reflect 
that the ovary is periodically exposed to recurrent congestions of 
great intensity — if we reflect that its physiological alterations 
are, so io say, synonjmous with inflammatory states, we can 
easily understand how exceptionally it is predisposed to hj'per- 
plastic changes of all sorts, following on the heels of acute 
inflammation ; changes which set out from the connective tissue 
of the organ, and are concentrated, now in the stroma proper, 
now in the foUicidar capsules. 

§ 574. Overgrowth of the ovarian stroma may cause a 



I aaLform enlargement of the orgfan to the size of q closed fist ; 
I indeed, cases of this kind have been recorded as " hypertrophy 
I of the ovarj'." More commonly, however, it leads to a contvac- 
I tion irhich lessens the size of the organ in all its dimensions, and 
is analogous to cirrhosis and granular atrophj' of the livpr. An 
I increased toughness, a milk-white lustre, and a surface more or 
I less lohulated, studded perhaps with little polj-poid excrescences, 
afford good evidence of the simultaneous (and often predomi- 
nunt) implication of the cortical layer. Vircboic asserts that 
the thickening of the albuginea extends to the collapsed theca 
of the ruptured follicle, wherever the surface is puckered by the 
I cicatrix of a former oii-ulation. And yet, as I have already 
I said, it is very hard to draw a line between what is "normal" 
[ and what "inflammatorj'" in such a cose as this. Roi-i/ni'di 
was the first to notice that the coi-jwm liilea might serve as 
I centres and points of origin for fibroid tumours ; his observa- 
tions have since been repeatedly confirmed, 

S 57-5. H\-porplastic states of the connective tissue, and in 
particular of the rAPsri.Es of the t'N-RrPTuREii follic:les, 
I have oftvn been observed and described ; but they have never 
been definitely referred to antecedent ovaritis. And yet the 
very frequent concentration of acute ovaritis upon those ciipsiJcs 
would naturally suggest some causal relationship between them. 
The circumstance that those follicles which have put on the 
appearanco of cysts, owing to an accumulation of fluid in their 
interior, arc principally affected by capsular thickening, is rather 
in favour of than against this view. For the capsule which 
has nndorgone inflammatorj- thickening, unquestionably offers a 
more determined resistance to those forces which tend to make 
the follicle burst. This explains why the follicles do not give 
way ; the amount of fluid they contain may go on increasing ; 
the increased pressure from within, instead of causing rupture, 
will rather give rise to a further degree of compensatorj' thick- 
ening of the capsule. The disease thus enters on a vicious circle ; 
it may finally Issue in tic first variety of ovarian cystoid (§ 579), 



2. Cy.st.S. 
§ 576. Next to the kidneys, the ovary is the moat favourile 
seat of cystic formations of various kiud«. We find cyats large 
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and small, simple and compoimd; cysts with water}', colloid, 
fatty, sanguinolent or mixed contents. The unbiassed observer 
will naturally be prone to refer this tendency to cystoid change, to 
the circumstance that the normal ovary contains the rudiments of 
cystic structure in its follicles. Careful investigation shows that 
the majority, at any rate, of all ovarian cysts originate in the 
Graafian follicles ; on the other hand, it proves that a group of 
cysts, quite as important, though not indeed as numerous, must 
for the present be assigned to a very different souIx^e. In the 
foregoing paragraphs I have tried to show how a hyperplastic 
state of the follicular walls, excited by inflammation, may, or 
rather must, give the first impulse to the development of a cyst. 
I do not hSl to appreciate, indeed, that it is upon a disproportion 
between the forces which have to rupture the follicle, and the 
resisting power of its capsule, that the issue ultimately depends. 
The follicle will also fail to burst, and will degenerate into a cyst, 
if the centrifugal force be inadequate; and this is apparently 
the cause of that form of dropsy of the follicles of which I am 
about to speak. What makes the follicular walls give way P 
Can it be a transudation of fluid from the vessels P That were 
impossible — at least if we are to suppose that the increase of 
ta[ision in the interior of the follicle is directly due to a trans- 
mission of the blood-pressure to its contents. Such a theory 
would be incompatible with the laws of osmosis. We may justly 
assmne, however, that during menstruation a chemical compoimd 
(colloid ?), endowed with a capacity for swelling by imbibition, 
may be secreted by the cells of the membrana granulosa of the 
ripe follicle ; that this substance takes up the water abundantly 
transuded from the vessels, and bursts the follicle by its expansion, 
in much the same way as a skull is disarticulated by filling it with 
dry peas, on which water is then poured. Granting this as- 
Rimiption, we may go on to suppose that in certain individuals 
the substance in question is not generated in sufficient quantity, 
and that the active forces designed to burst the follicle are thus 
inadequate for the fiilfilment of their purpose. 

So much for the origin of ovarian cysts from Graafian follicles, 
which is still under discussion. Let us now pass on to consider 
the individual forms of the disease. 

§ 577. A. Hydrops folliculorum (dropsy of the follicles). 
Certain cysts of the ovary are chiefly characterised by the wateiy 
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nature of their contents, which, are closely related in their 
chemical composition to the serum of the blood ; these cysts are 
undoubtedly the most conmion of all those which aJOTect the 
ovary ; they are usually discovered by accident, inasmuch as 
they do not give rise to any marked symptoms calling for 
surgical interference. Even in new-bom infants, we not un- 
frequently find small examples of these smooth and thin- walled, 
sparingly vascularised blebs. In adults, they may either be 
solitary or multiple. The affected ovary may reach the size of 
a child's head ; but it does not usually exceed that of a closed 
fist. The most conclusive proof that the disease is really a 
dropsy of the Graafian follicles, is that given by JRokitanski, who 
succeeded on one occasion in detecting an ovum in all the cysts 
which were less than a bean in size. 

§ 578. B. Ovarian cystoid {Cystoma ovarii). By this name 
we denote a tumour whoUy made up of cysts, or consisting of a 
single cyst, which takes the place of an entire ovary, and origi- 
nates in a degeneration of the ovarian texture, which, at least in 
its final stages, is of a cystic nature. Inasmuch as the size and 
weight of these tumours usually exceed the ordinarj" limits of 
morbid formations by a great deal, and call for operative 
measures of the most dangerous kind, they are justly numbered 
among the most important diseases of the ovar5\ Moreover, the 
study of this group of tumours furnishes us with a series of 
appearances of the greatest anatomical interest ; indeed, it 
appears to be reser\'ed for the anatomist to establish a rational 
classification of cystoid tumours of the ovarj'^ on a histological 
foundation. Much importance used formerly to be attached to 
the question whether a cystoid tumour of the ovary was made 
up of one or more cysts, whether it was unilocular, or multi- 
locular ; we are now aware that this distinction, important as it 
is for practical ends, is not of any fundamental moment. It has 
been diown that the simple cystoid is not simple from the first, 
but that it originates in the progressive fusion of several con- 
tiguous cysts. All cystoid tumours are at first midtilocular. 
We will therefore assign only a subordinate place to this prin- 
ciple of classification, while admitting that the process of &sion, 
alluded to above, is undoubtedly most ifrequent in that form of 
cystoid disease which depends on a colloid degeneration of the 
Graafian foUides (Form I.). 
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The nakcd-eyc characters of cystoid tumours of the ovary 
depend, in the first place, on the size and number of the cysts. 
A simple cyst is globular ; two or more yield a rather elongated 
form, and give the surface an irregular appearance, studded ^yiih 
hemispherical protuberances. The contained fluid shines through 
the walls of the cysts, giving them a yellow tint, or some shade of 
brown ; on pricking the tumour, the tense walls of all the cysts 
collapse ; for the latter communicate with one another far 
more freely than we might a jmori anticipate. The contents 
of iibfi cystfl are of course an object,of chemical rather than of 
anatomcol investigation. The chief chemical constituent is that 
still 80 mysterious albuminoid substance known as *< colloid " par 
cxccllcucOy or some one of its modifications {ficc § 44). The beauti- 
fid researches otEichwaldhaye proved conclusively that in cystoid 
tumours of the ovarj', two series of chemical transformations are 
usually progressing side by side ; the colloid matter generated by 
tissue-metamorphosis being gradually converted into mucous 
peptone, while the albuminous matters transuded from the blood 
are undergoing transformation into albuminous peptone. The 
steady action of the heat of the body is enough, therefore, to bring 
about a sort of slow digestion of these " crude " products. The 
larger and the older the cysts, the more likely are we to find such 
soluble modifications of albumen in them, involving a greater 
fluidity of their contents. The solid matters, which are often 
suspended in considerable quantity in the fluid contents of the 
cyst^j — such as free cells and nuclei, crj'stals of cholesterin, oil- 
globides or oily debris, blood-corpuscles, pigment — are all 
secreted by the lining membrane, and may always be referred, 
partly to a desquamation and fattj' metamorphosis of epithelial 
elements, partly to the occurrence of hoomorrhage. 

All further peculiarities of ovarian cysts must be discussed 
under the indiWdual varieties of the disease, of which we are 
now able to enumerate three. (Cf. Maytceg^s Prize Essay, TTeber 
die Entwicklungsgcschichte der Eierstockcystoide. Bonn. 1868. 
Waldcf/er, Eierstockcystome.) 

§ 579. Form I. Multilocular tumours reaching the size of a 
man's head, or unilocular cysts which may be two feet in dia- 
meter, with a smooth surface little broken by adhesions, and com- 
paratively thick, fibrous walls, which are very commonly lined 
with cauliflower excrescences, or more knobby papillose growths. 
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The smaller cysts coatiuQ n liiglily concentrated colloid matter 
of an amber-yellow- tint ; the contents of tlie larger cysts are 
more fluid, and mingled with ubundant futty and corpuscular 
products, secreted by their ivalls. The corpuscular elements 
are invariably derivpd from a simple, noii -laminated layer of 
columnar epithelium, which lines the walls of the cysts, and is 
continued over all their irregularities. 

If we make a vertical section through the entire thickness of 
the cyst- wall for purposes of microscopic investigation, we see at 
I once tliat it is abnost wholly made up of a well- developed con- 
nective tissue, arranged in stratified lamellie. The average thiek- 
i of these lamollLc is '000 mm. It is only the innermost, 
Babcpitheliol layer which, at least in all cysts below the size of an 
\ onmge, constitutes an exception to this nile. This ia made up of 
f embryonic tissue, and beset at many points with papillary vege- 
[ tations of various sizes, which project into the cavity of the cyst 
Ig. 161). The layer of columnar epithelium, already referred 
to, ia not only continued over the surface of these papilhn, hut 
DBually attains its maximum degree of luxuriance in this region. 
The papillae would not present much of sjieeial interest, were it 
not for the circumstance that their development ia modified by its 
taking place in a closed and confined space ; it is, in fact, sub- 
jected to conditions nuulogoii'* to those described in the case of 
papilloma eiiHfU-inn (g 70). It is plain that papillm which grow 
froan the inner surface of a spherical cavity, must converge, and 
nltimately corae into contact with one unothei-. Contact will 
L take place nil the sooner in proportion as the papilloc tend tu 
I Itreak up into bmnehcs. to spread out in an arborescent form. 
l3ofh of these eoiiditious are fulfilled in the present instance ; and 
1 the result i.-i, that the tips and sides of the jMipilln} coalesce witli 
I one another at an early ])criod and in a variety of ways. Hence, 
I'too, the larger, pedunculated tumours (which may attain the size 
Tof a closed fist), occasionally met with in the interior of the 
ftoysts, often exhibit asmoothsurfacc with onlythc faintest traces 
■ of lobidur division ; and yet, on examining thoin in transverse 
I section, wc find them to be most undoubted popillomata. But 
I even the smaller papUlie, which barely project above the level of 
1 the surface, arc often united at their tips ; hence even these may 
I exhibit a phenomenon alluded to in § 70 as a frequent result of 
I BBch coalescence, w. the development of retention-cyats. The 
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larainttT interstices lined vith epitheliuin, wliicli we find cloee to 
die inner sur&ce of such cyeta, and even to some little ditt- 
taace from it — originally described by Rokitaiaki, and more 
recently by i'ba;, as tlie rudimeDts of so-called "daughter-cysts" 
— are in my opinion to be regarded as former interpapillory 
spaces. Tha continuous ingrowth and thickening of the surface- 
tissaes has, eo to say, outrun these interpapillary spaces betbre 
tbeir otmplete obliterati<ni had time to oecur ; the minute residue 
ai (ne ^thelial lining being sufficient to keep up an independent 
seoretion and so to cause the development of cysts. Indeed this 
is the only way in which fresh cysts can be produced in additioQ 
to thoM origiooUy formed, in this, the first form of coUoid disoaee 




Section thmngb the innerm ost layer of an ovanan cyst aa big as 
■a ennge, which has originated by the colloid de^netstion of 
Gnafian follicleB ; a. PapUlsiy ontgiowth, slightly compreaaed, 
coated with columnar epitheliam ; b. Sub-epithelial layer of 
connective tiesoe, also split into papiihe, and traversed hy in- 
terpapillary fiaauiea lined with epithelium, which are not un- 
like gland-tubuli. ^g. 

of the ovary ; and if we take into account the very sparing pro- 
duction of mch daughter-cysts, we may even assign a purely 
aoddental significance to the entire phenomenon ; nay more, we 
may lay stress on the &ct that the first form of ovarian cystoid 
di^rs &om the second by a certain limitation in the number of 
cysta, and by the recession of all such changes as might tend to 
increase thcdr number. All this is ultimately reducible to the 
origin of this first vuiety of coUoid disease of the ovary &om a 
limited number of Graafian foUioles. 

S 580. The discovery of ova in the smaller, primary cysts, 
mmld be the most oonoluaive proof of the oorrectneaa of this 



; hitlterto, however, the skitcIi has only been succeesiu] in 
me instance, where an ovuiit was found in a cyst ubout the size 
of a cherry. At the post-mortem cxatninutiw] ol' a woman who 
died after the removal of a cystoid tumour of (he right ovary, I 
fiaund the left ovary in an earlier staf^e of the same diseuse ; and 
I wiiB here that I ciime ucroaa the cyst in questiou. The current 
|l indirect evidence flows more atrouf^ly in our favour. To be^i 
ih, in the present form of cystoid degeneration, we never find 
I, however rudimentary, below the ordinary sine of Graafiaii 
Kcles. Again, the very sraiiUeMt cysts are lined with a con- 
ptuous epithelium, which, from the fonn and stratification of 
I cwnstituent elements, may claim to mak with external or 
udulor epithelium (as contrasted with cndotbeliuinj, like which, 
■, it is subject to periodic renewal. Finally, we have the 
msivfi analogy between these pjTowths and the eystosurcomata 
certain open glands, in ]>articular of the mannnary gland and 
■tide. The intracanalicular development of papiMomata which 
icterises i:i/. the Cystonarcoma mammip pJii/llodev, exists in 
• prefl(>nt case also ; with the sole difference that in the ovary, 
hig to the Graafian follicles lieing closed cavities, the ibrmatioa 
veysts takes a more prominent place than in the mammary 
What can be more likely than that the prefoiined gland- 
lue, i.e. the follicles, should, in the ovary, as in the mauima, 
B the starting-point of the disorder '' I may mention by the 
ly, that the greater frequency of unilocular cysta in this 
t oatogory, is explained by the faet that, owing to the limited 
nber of the foUieles, the possible number of cysts is from 
B first restricted — though often very considerable ; these cysts, 
1 they have reached a certain njze, become confluent by 
Wpby of their partitions; this uoalescejice being repeated until 
B whole supply of e.sisting cysts has been used up ; the final 
ult, owing to the non-development of secondary cysts, beinga 
igle sac, often of colossal magnitude. 

I $ 581. The only question which still requires an answer, is 
t oonoeming the origin of the colloid matter. >Vhenoe is it 
|riv«d ? Is it secreted by the epithelial cells 't or does it result 
1 the involution of all the older epithelial elements I' I>«e« 
r protoplasm undergo colloid metumorpbosis, and so till up 
^M interior of the follicle!' I urn decidedly in favour of the 
view which nakce the colloid matter, like mucus, a secjretion (^ 
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the iriundiilar elements. Indeed I believe tliat the eeUs of iht- 
memhrana granulosa normally secrete a certain quantity of thi-- 
mbstance at the time when the follicles burst ; for it would b*.- 
difBcult to account for their rupture, without assuming the pre- 
sence of some material capable of exjwnding rapidly by imbibi- 
tion. To substantiate this hj-pothesis, however, it would bi* 
necessarj' to prove the actual presence of a sufficient number of 
epithelial cells in a state of colloid degeneration (fig. 12) ; this 
has not yet been done, though quant it ies, often verj" great, 
of detached though otherwise imaltered epithelial cells, havi* 
frequently been met with in the contents of the cysts. 

§ 582. Form II. One of the ovaries (the other, as a rule, 
being perfectly healthy, while in Form I. the disorder is usually 
bymmetrical) is replaced by a large tumour, often bigger than a 
man's head, made up of a few large cysts, together with a great 
number of smaller, even of ver\' small ones. The larger cvst> 
are often narrowed at some jx)int where the remnants of former 
septa, in the shape of fenestnited membranes or of branching. 
Tascular cords, obviously undergoing gradual maceration, ma} 
be observed. The surface of the tumour is nearlv alwavs con- 
nected with the peritoneum by a large number of inflammatory 
adhesions, traversed bv veins of considerable size. The walls oi' 
the CTsts are relativelv thin and lacerable ; their inner surface i^ 
smooth, often pigmented. In the gelatinous contents of tho 
smaller cysts, we here and there notice gauz}' films stretching 
across the cavity like cobwebs. The smallest cvsts can onlv bt^ 
detected with the aid of a microscope. Here, as in the first 
Tariety, the contents of the larger cysts are more fluid than 
those of the smaller ones : the onlv feature which mav be called 
characteristic of the present form, being the frequent admixtun^ 
of blood and blood-pigment with the contents of the cysts. 

§ 583. On examining fine sections from the tougher portion^ 
of the tumour under the microscope, we soon become aware that 
continuous tracts of fibrous and well-organised connective tissue.- 
are rare even in such parts as are white and tolerably denser 
whether forming the outer wall of the tumour, or one of tht^ 
broader trabecuhe in its interior. All these parts, indeed, are 
made up of connective tissue ; but throughout this connectivi- 
tissue a nmnber of minute cysts are disseminated, which we are 
aUe to feUow up to their very first beginnings (fig. 162). The 
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kSexod drawing icprescnts ihc miimte stiitcture of one of the 

rabeculfc of the stroma, which separates two cysts of consider- 

I -able size («, «) from one auother. We nee at a glauce that 

1 the striated connective tissue forming the main bulk of the 

Btnicturc, breaks up into a groat number of finer trabcculiu, 

which enclose and traverse a g;ronp of smaller cysts. Of course 

we must not think of these trabecule as cylindrical ; indeed, 

V they are only trabecula; in seeming, being really nionibranous 

tpartitiousof variable thickness, seen in franaverse section. IIcit 

rami there (e, e) the connective tissue is abundantly infiltrated 

I ■with young round-cells, a proof that it is in u stnl e of formative 
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ritatioo. One might easily be led to suppose that some of the 
larger clusters of these cells (') represent cysts in the earliest 
3 of their development — rudimentary cyste. For some of 
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the firmallest cysts (to the left of h) look just as if a certain 
amount of colloid matter had simply made its way in between 
the constituent elements of one of these little clusters, and had 
pushed them asunder. Some authors, indeed, have adopted this 
view. For my own part, I would advise the utmost caution. 
The knife may have passed through the extreme end of a larger 
cyst and so given rise to the semblance of a very small cyst. I 
do not on that accoimt propose absolutely to rcgect the possibility 
of such an origin ; but I would rather extend the limits of my 
definition, and only speak in general terms of a circumscribed 
colloid softening of the stromal connective tissue, as the first 
stage in the development of the cysts. For it seems to me that 
certain swollen and transparent points in the stroma {d) which 
are not perfectly round and sharply-defined, ought also to be 
regarded as rudimentary cysts. In these, the colloid matter is 
more diffiisely infiltrated among the fibrous elements of the 
stroma ; nevertheless, as it expands, it will inevitably tend to 
assimie a spheroidal form, and to become gradually marked 
ofi* froniL the surrounding tissues as a globidar cavity tra- 
versed by septa of connective tissue. Now if we compare the 
fiiture state of the spot, d, as just foretold, with the actual con- 
dition of the smallest cysts, h, c, &c., we cannot but admit that 
our theory gains in likelihood. Most of the smaller cysts arc 
still traversed by a system of septa, and I can confidently affirm 
that capillary vessels may occasionally be seen to pass through 
the interior of the cysts (not represented in the drawing). Such 
appearances are utterly incompatible with the supposition that 
these cysts, like those in the first form of ovarian cystoid, origi- 
nate from Graafian follicles. It is only when the cyst has 
reached dimensions which are very considerable, relatively to 
these first rudiments, that it begins to remind us of a Graafian 
follicle. Waldeyer is accordingly obliged {die epithelialen Eier- 
sfocIxSf/csc/ifcuktr, insbesonderc die Cystome, Archiv f. Gynajkolo- 
'^\Q, Bd. i. Heft 2) to go back to the earliest stages in the 
development of the Graafian follicles ; he finds that they origi- 
nate in certain minute and very irregular masses of epitheliimi, 
embedded in the foetal ovary ; he has also discovered them in 
the apparently healthy residue of a cystomatoua ovary. I would 
willingly adopt his ^vdews, did not my own observations, which I 
have recorded above (fig. 162, d) warn me to be cautiiNis. For 
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in the larger cysts we ttlways fiud u layer of epithelium, how- 
ever imperfect ; and the coUoid matter, apart from any fibrous 
adniixtui'e, presents a laminated appearance in hardened speci- 
which points to its having been aecret«d by the lining 
niembmne. There are other reasions, too, which render it tm- 
doubtiid that the cysts, after they have reached a certain size, 
lire to Ite vieu'ed as secreting- cavities. How else could we 
account for the quantity of albunicu in all the larger cysts, save 
on the hypothcsin that it transudes from the vessels, and is 
therefore secreted by the cyst-wall ? Notwithstanding all this, 
the cysts do not originate from follicles ; their development is 
dne to that transformation of "cysts due to softening" into 
secreting cysts, which is more fully described in § 70. Finally, 
to euni up the results of our inquirj-, we conclude that the 
second form of cj-stoid of the ovarj', characterised by the un- 
limited production of new cvsts, is due to a colloid degeneration 
of the ovarian slroiua; not forgetting the possibility that the 
rudiments of the cpts may bo furnished by an epithelial pro- 
liferation, closely resembling that which normally occurs in the 
crobryo. In the latter case, we might term the disease a 
Carcinoma co/hittrx rydiriim. 

§ 584. FoBii III. Both ovaries are found equally affected 
by a kind of " cysto-coUoid " degeneration. They are larger 
than a man's tist ; their sui-face is smooth ; a large number of 
cysts, varying in size from a millet-seed to a pea, and packed 
together like the bits of stone in u mosaic, arc seen shining 
through the timiea albuginea. In transverse sections, this 
mosaic is found lo extend through tlie entire thickness of the 
organ ; the Inrgest cysts, which may attain the sixe of a cherrj% 
bdug situated towards its centre. The entire structure reminds 
us ol' a honeycomb. The contents of the cysts are clear and 
gelatinous throughout ; so that the term " colloid of the ovary," 
chioHy employed to denote the two former \'arieties of cystoid 
disease, may not inaptly be applied to this form also. Thiw 
third variety Is ven' rare ; and hence it is, in all likelihood, that 
we possess no certain knowledge concerning the origin of the 
cysts. The solitary specimen at my disposal has been soaked in 
weak spirit for so long a time, that no trustworthy results can 
be jrrived at l>y examining it. The naked-eye appearances arc 
very moch in favour of the Graafian follicles having been the 
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starting-point of the mischief; not even the smallest of the cysts 
falls below the Graafian follicle in size ; moreover, each cyst has 
its own tough, membranous capsule ; and finally, the arrange- 
ment of the cysts, alluded to above, with the smallest ones at 
the periphery and the largest ones in the middle, forcibly recalls 
the very similar arrangement of the Graafian follicles. I am 
inclined to term this condition struma ovarii^ in VircJiow's sense 
of the word struma. 

§ 585. c. Dermoid cysts of the ovary. These are imi- 
locular cystomata, whose walls resume the textural and structural 
conditions of the skin. The skin, with its appendages, forms a 
closed sac with its free surface turned inwards. Most of the 
dermoid cysts which have been hitherto observed, have not been 
bigger than an orange; occasionally, however, they attain a 
colossal size (that of a man's head). Their growth depends 
only in part on the proliferative processes occurring in their 
walls; another &ctor is the accumidation of cutaneous secretions 
in their interior. They usually contain a greasy pidp resem- 
bling the vernix caseosa, made up of detached epidermic scal&s 
with sebaceous matter. This is mingled with long hairs, gene- 
rally of a reddish-blond colour, very thin, curled up, or matted 
together. 

The epidcnnis exhibits its typical differentiation into a homy 
and a mucous layer. Hair-sacs and sebaceous glands are hardly 
ever present. 

The cutis of dermoid cysts is said by some authors to bo 
furnished with papilla) ; this is denied by others ; in any case, 
however, they do not seem to occur with the same regularity as 
in the skin. On the other hand, the panniculus adiposus is 
always present; it forms the link between the dermoid cyst 
and the connective tissue round it. 

Among their accidental constituents, teeth deserve a fore- 
most place. These are sometimes developed on the surface of 
the cutis in enormous numbers. They are not always typical 
enough in form to allow of their being recognised as molars, 
canines or incisors; but there is never any doubt aa to their 
being real teeth, with fangs, necks and crowns, with enamel, 
oementum and dentine complete. They are sometimes planted 
in bony sockets. Again, true bones have occasionally been met 
with in the cyst-wall; bones famished with perioisteam and 
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resaela, juiit like tho boncf of the ^skeleton. Senk round in :i 
dermoid cyst, a horse- shoe- shaped bone 1' in length, fumished 
witli pointed processes, with which wedge-shaped bodies as hirgf 
ii8 a hemp-st'od wore articulatod bj- loose capsular ligaments. 

The moi-c highly orgauii«xI tissues, iiitiv and muxclc, an' 
rare in dermoid cysts. Still they have repeatedly been met with. 

Dermoid cysts arc most common (three-fifths of the tottil 
number of cases) in the ovarj-; next in oi-der of i'roquencv 
comes the testicle. It may be that the peculiiir niiture of thi' 
ovary and testis, as generative glands, predisposes them to the 
production of dermoid cysts; but the notion that these cyst* 
ought therefore to be regarded as mdimenls of fojtal develop- 
ment, is quite gratuitous ; for dermoid cysts are also met with 
in other organs ; e.g. Cloetta has recorded a case in which a 
dermoid tumour was found Jn tho lung. 

All other cysts of the ovary are secondary ; due e.g. to the 
softening of a solid tumour. Cancer of the ovary, however, 
may mimic ovarijm cyatoid in a very remarkable degree. 



3. Carcinoma. 

^ 586. AVith the exception of the modulliuy fonn, cancer of 
the ovary is extremely rare. The medullary variety may 
possibly originate in tho follicles, or the follicular rudiments, 
though confirmatory evidence on this point is wanting. The 
exquisitely adenoid, or to speak more prudently, '"regularly 
alveolar," structure of the spheroidal nodidos of which the 
tumour is made up, supports the above view of its origin. Fig. 
163 represents the edge of a cancerous nodule about as big as n 
hen's egg. Tho vessels are filled with blue injection. The no- 
dule is immediately beneath the thickened albuginca, which is 
itself studded with a number of papillary outgrowths. On ex- 
amining the substance of the nodule, we cannot but admit its 
roeemblance to the section of a tubular gland, e.g. of the renal 
«ortex; the trabecular septa of the cancer-stroma all contain 
seaaels; the eancer-ceUs clothe thorn like a sub-colunmar epithe- 
lium, interstices resembling the ducts of a gland being left 
in the middle of the alveoli. The albuginea itself contains no 
«anoer-nesta, but forms a dense partition between the nodiUe on 
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tbe (Hie Edde, and tlie piqwHIffi on the otlier. AH the more strik- 
ing, and in a certain aenae condosiTe, is the carcomstanoe that 
one of these papilbe presents, in its ratherawollen body, a distinct 
rndiment of beah canoer-groirth. Elongated fissures, nmning 
parallel vith, rather than along the Teasels, are filled with the 
same large epithelial cells, which we recognise as cancer-cells in 
the mature nodule. To me it aj^ieara that the lymphatics, here 
as in the case of tubercle (g US), take the initiatiTe in the 

Fie. iflS. 




Glaadular cancer of the ovary. Its peritoneal corerii^ tiuBk- 
encd Mid beaet with papillee, exhibits cureiiioBij begianiiig in 
one of these polite, ^i^. 

developmental process, 1^ the proliferation of their endatl>dia, 
which then beccone cancer-ceUs. An ontgrowth of the liiUi- 
cular epithelia, which may possibly exist, cannot be admitted to 
occur, on-ing to the papille being sefiantted from the nodules in 
the ovarian parenchyma by a broad barrier of connectiTB tissoe. 
If, therefore, we include ovarian canc^ among the g^buuibalar 
carcinomata, we must at any rate concede that it is capaU» of 
producing nodules in the connectiTe tissue and its mteratioea as 
well, when once it has transgressed the limits of the o^aiL 
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1. Ini'l.amiution. 
I 587. Acute inflnmniation of the toBticle (T refer chiefly tc> 
the gonorrheal and traumatic forms) begluB with an intense 
sorous intjltratioii of its [jareiithyma, constantly associated with 
a moderate amount of exuda.tion into the sac of the t»nicei 
roffinalig propria. Tho nunibpr of lymphatic spaces in the testicle, 
their width and diatensibiHty, may hove something to do with 
this ; for the appearances are verj" like those which may be 
artificially produced by ligature of the Ij-mphatics in the 
spermutic cord. It is oidy some of tho issiios of acute inflam- 
mation which present any histological interest, Of course the 
cominoDest teimination is n complete return to the healthy state ; 
induration is less common, suppuration decidedly rare. The 
tiro latter set out from the ivalls of the lymphatics. In the 
indurative form of orchitis, an overgrowth of the connective- 
tissue layer narrows the calibre of the Ijinphatics, while thick- 
ening the tunica- propriw of the seminiferous tubes by apposition 
from without, and so obf^tructrng the tubes and interfering with 
the seminal epithelia. The complete oblitenttion of the latter 
elements, with a consequent shrinking and flattening of the 
entire organ, is therefore the usual end of indurative orchitis. 
The course of suppuration is very different. The pus-corpuscles 
separate front the inner surface of the lymphatics, and find 
themselves forthwith in u tree space, occupied by a fluid which i? 
Btill in active circulation. Should the pus-formation be moderate 
in degree, the resulting corpuecles are conveyed into the blood- 
vessels as fust as they are produced ; the whole process differing 
perhaps only in degree from that perfectly nonnal phenomenon 
which is known as the "transit of Ij-mph-corpusclea " from the 
rootlets of the Ij-mphatic system to the blood. Seldom, therefore, 
do we tind pus collected into abscoeses ; even when accumulation 
bos occurred, the chances arc still in favour of the reabsorption 
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of the corpuscles, as compared with their discharge by nipturc*. 
Should rupture nevei'theless occur, the fistulous openings arc* 
small in size, and close up very readily ; save when a sort of 
outgrowth of granulation-tissue takes place round the fistulous 
orifices, a complication more often noticed here than elsewhere, 
and occasionally leading to the formation of fimgoid, quasi - 
sarcomatous growths, exhibiting the structural characters of 
proud flesh. 

§ 588. The term "chronic inflammation" has rightly been 
applied by Forsfer to a condition of the testicle which has also 
been described under the name of "atheroma testis." Tho 
organ is very considerably enlarged. The sac of the tuniva 
cagiiiaiis propria is obliterated by adhesions ; the albuginea has 
imdergone a high degree of fibroid thickening. In the interior 
of the testicle, a single large cyst (perhaps equal to an orange) 
and several smaller ones are usually foimd, all of which are 
completely filled with a semi-fluid atheromatous pulp. In it are 
suspended crj'stals of cholesterin in enormous quantities, oil- 
globides of all sizes, granule-cells, with here and there some 
yellow pigment. On washing out its contents, the walls of each 
cyst appear lined, over a great part of their surface, with a layei- 
of thickly-set and highly vascidar granidations, interspersed 
with islets of tissue impregnated with calcareous matter ; these 
vary from a mere roughening of the surface, which seems coated 
with a white adherent powder, to the complete incrustation of 
n continuous portion of the surface, and its conversion into a 
rigid, calcareous plate, half a line in thickness. A vertical 
section through the layer of granulations shows highly charac- 
teristic appearances ; the layer, as a whole, exhibits the ordinarj- 
characters of granulation-tissue, from which it differs, at most, 
only by the somewhat larger size of its corpusculai* elements ; 
nevertheless, it does not secrete pus, but granule-cells (spheroids 
of fatty granules). All stages of fatty metamorphosis may be 
admirably studied in those cells which form the surface-layer of 
the granulation, and which, as it seems to me, reach this point 
by a continuous process of secretion analogous to suppuration. 
I have never seen the production of true pus on the inner 
surface of these cysts when closed ; it never occurs unless the 
<javity has been laid open by the surgeon. 

The smaller cysts usually furnish us with sufficient data for 
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(Icterminutg the mode of origin and development of these iu- 
tiTCfiting formations. Thoy are pciineuted by remnants of the 
normal tissue of the testicle, in which we can easily recog- 
nise vessels of eonsiderablc size togcthci' with some con- 
nective tissue— /.f. the remains of what once were interlobuluj- 
!rt>pta, Tho jutennediato cavities present the olougutcd. conoidul 
form of the lobnlos of the Icsticlo, and often contain long shreds 
of sodden tunicf profriw amid larger masses of oily lidbria. 
liroad tracts of very tough, white and glistening connective 
tissue, scantily furnished with vessels, eiivii-on even these 
i^naller cysts, shutting them off from what is left of tho rela- 
tively healthy parenchj-nia. The principal cysts, also, are only 
/iiied with granulation- tissue or calcareous plates ; the main 
bulk of their walls consisting of the same tendinous material, 
which often fonns strata from two to three lines in depth, 
especially where it passes into the thickened albugineii. 

The process, therefore, is one of indurative orchitis and peri- 
orchitis, differing from ordinary induration of the testicle, in its 
not affecting the whole organ uniformly. It begins by causing 
n hyperplastic thickening of several main septa, thereby strang- 
ling large segments of the testicular porenehyiua, and forcing 
them to undergo fatty degeneration. The luxuriant coi'pusculur 
proliferation on the surface of the septa, and the immediate 
degeneration of the secreted elements into fatty ifcbris, the reten- 
tion of the latter, and their consequent conversion into an 
iithcromattius pulp (§ 29) — these are the causes why the acg- 
tnests of parenchyma, when laced off, are transformed into athe- 
romatous cysts, often attaining a very considerable size. 



2. TupERCLE. 

19. By " tubercles of the testis " we usually understand 
certain cheesy nodules of considerable bulk, and more or 
less globular shape ; they are commonly multiple ; after a time, 
they coalesce to form a single mass of very irregular, nodulated 
or branching form. Tho cheesy matter is remarkable for it.* 
peculiar elasticity, a property which it retains imtil central soft- 
ening leads to the formation of an abscess. This tends to burst 
externally, giving rise to that well-known variety of fistula, which 
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18 clinically remarkable for its extreme chronicity, and the occa- 
sional discharge of sodden shreds of seminiferous tubuli through 
it. The epididymis and vas deferens are also liable to this 
disease ; nay, it is especially prone to set out from the jmren- 
chyma of the epididjnmis. 

On proceeding to inquire into the origin and extension of 
this morbid product, we find hardly any opportunity of studying 
the lesion in its first beginnings ; on the other hand, we very 
frequently — almost invariably — ^find a textural change going on 
at the periphery of the nodide, which is obviously connected 
with its enlargement. The naked eye observes in this region a 
thin layer of reddish-grey, translucent and somewhat gelatinous 
material, highly vascular, and bulging a little towards the 
healthy parenchyma of the organ. In the annexed drawing of 
a vertical section imder a magnifying power of 300 diameters, 
a represents the relatively normal parenchjTna of the testis, 
b the proliferating layer, c the cheesy nodule. The wholly inter- 
stitial character of the process is sufficiently obvious. The 
tubuli seminiferi remain quite passive. At a they are entirely 
normal; the ver}'- thick tumcie pi*opri<e of connective tissue, 
which play so great a part in cystosarcoma (§ 592), barely show 
any sign of nuclear or corpuscular proliferation even in their 
outermost layers. In the zone marked b they are being steadily 
dissociated by the morbid growth, without any sacrifice of their 
characteristic morphological constituents ; in the zone c they are 
still farther apart ; here, too, we find the first indications of a 
glassy swelling of the tunics?, and a &tty metamorphosis of the 
epithelial cells. These are the only alterations which occur in the 
tubuli seminiferi ; but even these do not lead to their complete 
disintegration ; for, as has been already observed, the tubuli turn 
up once more during the softening and discharge of the cheesy 
matter. Wc are therefore compelled to assume that they are 
preserved in the interior of the cheesy mass, as seen in the 
annexed figure. 

Turning our attention to the disease itself, the first point 
which demands consideration is its seat. It is localised in 
that very region which, according to the researches of Ludfci^ 
and Tomsa, is permeated by an elaborate system of I jmpihatic 
spaces ; and if we call in the more recent investigatioiia «oii- 
ceming the development of taberde to our aid^-impes tigali opg 
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which tend with such gratifying unanimify to the conclusion 
that thiB product, so lonp enipnaticuJ, is due to u proliferation of 
the lymphatic endotLeliu* — then, indeed, we cannot but suspect 
that the disorder wo are now considering is also due to some 
change in the interior of the Ij-niphatica, differing from that 
which results in the formation of miliary nodules only by its 
relatively diffiise character, Tmc, there are no miliarj- tubercles 

, Fiu. 164. 




I 



Section through tlie Lt.nler of it "tlitcsy tubercli'" of the teatia, 
a. RcilatiTiely nonnnl porpDcliyraa ; h. Infiltnition of the in- 
tertubuUr connective tissue witli niiiall cells; c. Fibiriid meta- 
ntorphoeis tuul caseation, .f^. 

of the common sort to bo found in the present case ; hut it must 
he borne in mind^fiist, that tubei^cles arc known to exist (in the 
peritoneum) which attain the size of a lentil or even a broad 
bean, &c. ; secondly, that tuberculosis is knon'n to take the 
very same form which we have here, in other organs also (In'ain). 
This latter analogy extends, moreover, to the further metamor- 

• Cf. 1 115. Also the more recent rewnrches iif Langhaiu and KM>r ; 
fXWf : Bcitnge zor Ocwhichte dcr TubcrfanloBe. Virdiov^$ Archiv, 44.) 
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pilosis of the morbid product. On tracing it from tlie zone h to^ 
the zone c (fig. 164), we still continue to distinguish the 
outlines of the cells for a time ; but they gradually fade, and 
the circular cells arc replaced by elongated and polygonal, and 
finally by spindle-shaped forms, which seem to result from 
mutual flattening; the spindle-shaped elements forming the 
transition to a purely fibrous texture. The last prevails through- 
out the cheesy portion of the nodule. Its colour is due to the 
masses of dark (fatty) granules which are embedded in it ; its 
tough, hardly lacerable, tenacious consistency, perhaps also itf^ 
durability, may be ascribed to its fibrous texture. It was not 
without surprise that I first stumbled upon the fibres of Leheri 
in these tumours ; I afterwards found them in all the " solitary"" 
nodular products of tuberculosis ; the discovery obliged me to 
admit that. a tubercle need not of necessity undergo direct 
caseation, but that between the stages of recent infiltration and 
cheesy metamorphosis, a third stage might intervene, charac- 
terised by an unmistakeable tendency towards a higher degree 
of organisation. I regard the fibrous variety of tubercle as an 
analogue of cicatricial, or rather of fibroid tissue ; and to this^ 
\'iew I shall return, particularly when I come to speak of " soli- 
tary tubercle of the brain." 

Tuberculosis in its disseminated and metastatic form is not 
met with in the testicle. 



3. Syphilis. 

§ 590. In the testicle, as in the liver, syphilis manifests 
itself under two principal forms, one simply inflammatory, the 
other gummatous. The former gives rise ti a weU-marked in- 
duration, which destroys large tracts of the testicular parenchyma. 
The mischief sets out from the interstitial tissue; a hyperplastic 
growth of yoimg connective tissue being followed by its fibroid 
condensation ; even with the naked eye, the white fibrous bands 
may be distinguished ; their shape is conoidal, determined by 
the lobular segmentation of the organ ; the base of each cone 
lying in the similarly thickened albuginea, while its apex is 
directed towards the corpus Highmarianum, where it blends with 
the apices of adjoining cones. We ultimately see nothing^ 



^H interior t 
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bej-ond a continuous mafts of wliite fibroid tissue, in whose 
interior the tubuli serainiferi, and with them all trace of the old 
diyisioQR of the gland, have entirely disappeared. The testicle is 
flattened, the tunica vaginalis propria iwually containing serous 
fluid. 
I STphilitic gummatu in the testicle usuiJly imply the pre- 
j Tious oxistenee of the indurative changes which have just been 
described. Hence the formation of gunimata is to be regarded 
as only a ftirther specialisation of the morbid process. Several 
nodules about the size of u cherry-stone are usually scattered 
through the fibroid muss. ,\. vertical section through the junc- 
tion of the nodule irith the fibroid tissue in which it is embedded, 
shows most dourly that the specific changes set out from a pro- 
liferation of the corpuscular elements of the connective tissue, 
. speedily followed by a fatty degeneration of the newly-formed 
elements. The masses of fatty granules coalesce, however, with- 
out in any way impairing the continnity of the intervening fibrous; 
tissue ; and so it comes about that the nodules, like the yellow 
tubercles for which they may readily be mistaken, are of a very 
tough consistency. 

^ 4. Carcinoma. 

t( 591. It is not easy to distinguish soft cancer of the testicli- 
from soft sarcoma, nieduUarv cancer from medullary sarcoma, 
with the unaided eye. Both tumours exhibit the same soft con- 
eislency, semifluid in parts; both follow the same order of exten- 
sion from the testicle to the epidid>-mis, vas deferens, and retro- 
peritoneal glands ; both arc of a milk-white colour. As regards 
minute strocture, Binli-Hiischfehi has sho'wn that in soft cancer 
of the testicle, as in that of the kidney, liver and niammiiry 
glund, the cancer-cells arc lineally descended from the epithelial 
elements of the gland-tubuli. The stroma, though abundantly 
permeated by yoiuig cells, is nevertheless marked off from the 
epithelioid deposits by a sharp boundarj'-line; the resemblance of 
the tymcer-cells to the noi-mal epithelin of the testicle carries less 
Weight : on the other hand, Birrb-Jlifsrhfekl succeeded in iso- 
luting tubuli semiuifcri at the junction of the morbid growth with 
the healthy portion of the organ, by means of a 15 per cent. 
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solution of hydrochloric acid ; these tobuli exhibited a smooth 
surface ; they were studded wiiSi nodular, ill-defined protrusions, 
or else, expanding somewhat abruptly, fiiey passed continuously 
into the tumour itself. That these appearances really correspond 
to the beginnings of the growth, and that these beginnings con- 
sist of a proliferation of the epithelial elements of the testicle, is 
to me, at least, highly probable. 

As it grows, cancer of the testicle not unfrequently assumes 
Ihe character of " Amgus hsBmatodes." The transition is ope- 
rated by a Tery exuberant yascularisation of its stroma, such as I 
haye described in § 156. 

Soft cancer is theonly form wHeh affects the testicle primarily. 
The recorded cases of scirrhus of the testicle do not bear the 
test of our present anatomical analysis ; melanotic cancer is said 
to haye been met with as a metastatic deposit. 

For Ihe combination of cancer with other tumours, see § 593. 



5. Sarcoma and other Histioid Growths, 

§ 592. Not every tumour which the surgeon summarily 
dismisses as a ''sarcoma of the testicle" is a sarcoma in the 
stricter sense of pathological histology. The surgeon uses the 
word sarcoma only to mark the contrast between a firm tumour, 
" fleshy" in the loosest sense of the word, and one with fluid 
contents, yiz. hydrocele of the tunica vaginalis. Thp testicle, 
however, really is a favourite seat of sarcoma in all its principal 
varieties. And here I may call attention to a very singular 
circumstance, viz. that when sarcoma affects the testicle, the 
tumour almost always contaLD8,,not only all the chief varieties of 
sarcoma, but aU the histioid formations which are met with in 
the sarcomata as well. It is in the testicle, more especially, 
that the intimate correlation of all histioid growths is clearly 
shown. Cartilage, mucous and adipose tissue, striped and 
xmstriped muscle, enter more or less into the composition of 
sarcomata of this organ. Both cartilage and muscular tissue 
may occur as independent and primary tumours ; but afler the 
lapse of a short time, they are usually converted into round-cell 
and spindle-cell sarcomata by a rapid proliferation at their cir- 
cumference. 
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These frequent combinatioiis iutroduce an element of great 
Wriety into Uie etrueture of sarcomata of the testicle ; and tliis 
iriefy is rendered yet more manifold by the very frequent 
e of cyats in their interior. The number of these cysta 
;m ; as regards size, we can troee all gradations between a 
r-seed and a pigcon'o egg ; the contents of the smaller onoi 
B gelatinous and viscid ; they subsequently become more Huid, 
1 are rendered turbid by the admixture of blood, crystals of 
choleaterin, and oil-globulea. Even in the larger cysts, we often 
find the contents sjTiovia-like and \T8cid, while a fluid which is 
purely watcri- and serous is absolutely rare. The smaller cysts 
are always lined with a continuous layer of columnar epithe- 
lium ; pupillary outgrowths are not imcominon ; and these may 
become eo numerous as actually to fill up the entire canty of 

I the cj'st {fyifomn-oma ph'jUodfs). On endeavouring to trace the 
i«rigin and development of these cysts, which are also met with, 
tiiough more rarely and always solitarj-, in cancer of the testicle, 
'Jfe are first of all confronted with the seminiferous tubes, which, 
^hen compressed at any point by the interstitial growth, de- 
generate into retention-cysts immediately behind the point of 
obstruction. Such at least is the generally received view ; I 
would only add the possibility of a whole plexus of seminiferous 
lubes — of a circumscribed portion of the testicular parenchyma, 
becoming dilated at once, and serving as a starting-point for 
the cystoid change. I have not seldom found cysts of very 
minute size, travei-sed by single partitions of sodden connective 
Bsue, which I could not but regard as the remains of former 
pitertubular septa. 

§ soy. The following are the most usual of the simple and 
npound tumours belonging to the histioid series : — 

The .soft or medill.vrt sAacf)MA outwardly resembles 
i medullary variety of cancer. This resemblance is ut its 
ighest in those very common cases where the two growths ai-e 
dually combined. Such tumours ore, in the main, soft 

Jrindle-cell sarcomata with broad trabeculac ; the trabecula} of 

ipittdle-cells enclosing, or leaving between them, certain small 

iuterstioes which contain nests of true cancer-cclls. The tattei- 

ar© not unlike seminiferous tubes with their epithelio, seen in 

^^tnuisverse section ; and tjie most recent investigations make it 
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yet the cells are not like ordinarj' seminal epitlielia : they 
present the suspicious irregularity of outline, the poly- 
morphism, which is peculiar to cancer. Here and there, too, 
we find the proper cancer-structure in the ascendant, giving- 
the entire growth the aspect of a cancer with a sarcomatous 
stroma 

When the medullary sarcoma is uncomplicated, or combined 
with cartilage and mucous tissue, we are more likely to find a 
round-celled parenchyma with a well-developed intercellular 
network; that type of structure which is known as "lymph- 
adenoid," and which differs from the ordinary round-cell 
sarcoma by its greater softness, and the number of readily 
isolable corpuscular elements which may be scraped from its cut 
surface ; this renders it liable to be confoimded with soft cancer 
unless it is subjected to microscopical examination. 

All medullary tumours of the testicle are in the highest 
degree malignant. Should they originate in the testicle itself, 
and not in the epididymis, the albuginea continues for a long 
time to resist their growth ; should the albuginea itself be de- 
stroyed, the growth advances with extreme rapidity along the 
spermatic cord into the abdomen, involving the retroperitoneal 
glands, &c. So that in a short time the tumour of the testicle 
itself becomes the least important part of the disease. 

b. Cystosarcoma testiculi is always a complex tumour. 
Its most constant feature is a relation of the sarcomatous growth 
to the seminal tubes, analogous to that which was first described 
by Billroth in his " adenoid sarcoma " of the mammary gland. 
The proliferation is concentrated in the sub-epithelial connective 
tissue — ue, it presents the appearance of an enormous thicken- 
ing and round-celled degeneration of the tunica propria. This 
is complicated on the one hand by dilatation of the ducts, on the 
other by phyllodic proliferation in their interior (Cf. § 605). 
ForstcVj indeed, describes sprout-like protrusions of the tubuli 
soniiniferi, such as are generally confined to the various species 
of cancer ; for my owti part, I am rather inclined to interpret the 
appearances he figures, as due to puckering of the walls of the 
dilated ducts. Such folds, when cut across, are very like epi-^ 
tlielial protrusions. Here and there, we notice cysta without 
any papilla> on their walls. Yellowish-brown globular con- 
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retioiis, whicli arc pcculinr to the generative glands, are sus- 
pended in tlic Huid eoutenta of the cyets. 

These changes in the seminiferous tubes are associated with 
hintioid jirolil'eration between them. Here we find Kttle deposits 
■ol' hyaline curtihtge; their peculiai' beaded and occasionally 
branching form remiuds us thut {as wus noticed by Paget and 
Billroth) they correspond to the course of the lymphatics, 
[n-hose cuuul they occupy. Larger deposits of mucoua tissue, 
jay, oven muscular and adipose tissue, have sometimes been 
md embedded in the interBtitial formation. Fmally, can- 
erous metamorphosis, which is always imminent, must also be 
dcen into account ; for the glandular and other organs of genc- 
mtion are generally far more prone than other parts to exhibit a. 
transition of simple inflammatory irritations, of ulcers, operation- 
wounds, catarrhal overgrowths (hyporphisio;), into sarcomatous, 
and ultimately into cancerous degenerations, Tho longer a 
formative irritation pei'sists at any ixiint in the generative 
system — as e.y. the external on — the more marked does tho 
tendency towards luxuriant prolifenitiou, and tinally to carci- 
nosis, become. 

c. Ek(hondroma in the testicle takes the form of a solitary, 

hyuline nodule, varying in size from a walnut to a hen's ogg. 

^After it has lasted for some time, perhaps for years, as a pain- 

, sharply circumscribed, hard lump, a rapid enlargement, 

uioUy attended by pain, sets in ; on dissecting the testicle after 

b is excised, we ibid the eartikginous iiodulo embedded in a 

s of sarcomatous tissue, whose growth is usually found to be 

KuiUy exuberant in some one direction, where it has estab- 

ihed sarcoinatoiLS nodules of large size in the neighbourhood of 

e old euehondronui. 

(/. Myoma of the testicle is solitary. Rokitaimki boa de- 

libed a specimen as big as a goose's egg; it consisted of 

riped muscle. I myself had a tumour sent nic by Middehlorpf 

X the year 1860, which was made up of imstripod muscle with 

merous nerve-fibres. The latter formed plexuses which sent 

■many twigs into the muscular substance. Tho individual fibres 

f were beat hither and thither in zigzags. The inudequatc 

bhods of research then at our disposal prevented me from 

; their courac more thoroughly. 
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6. Atrophy. 

§ 594. Apart from the secondary atrophy of the seminifer- 
ous ducts which is due to inflammation and tumours, I need 
only refer to the premature occurrence of senile involution. As 
we all know, the physiological functions of the testicle cease 
after the age of 60. The spermatic ^ithelia gradually suc- 
cumb to a fetty degeneration. The entire testicle grows pro- 
portionately smaller ; it becomes soft, and exhibits on section a 
ydlowish, dark butter-yellow, or even brownish hue. 




o 
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g 095. The tiuuours ol' the female broast have been so early 
often subjected to active histological inveatigation, that 
the muisinaiy gland may not inaptly be termed the foster- 
mother of pathological histology. Our nearly total ignorance 
of the histology of mastitis is ail the more singular. We must 
aoDtent ourselves provisionally, with transferring what direct 
lowledge we possess concerning other glandn of unalogvuR 
Btmcture, i.g. the salivary glands, to the mamma ; thereby 
ducidaling the coarser phenomena of roastitiB. 

The acute inflammations which occur during lactation are 
either difi'use — involving the entire gland — or circumscribed — 
forming nodules &om the size of a pigeon's egg upwards. Cer- 
tain difiiue forms of inflammation, which we include under the 
head of uutstitis, run their course, not in the gland itself, but in 
the lax connective tissue which surrounds it both in front and 
behind. These very commonlv lend to abscess ; and as regards 
their histology, come simply under the head o? phtegmou lelf 
vtllubmf (§ 94), As regards the nodular foci of inflammation, 
e may also consider the interstitial tissue as the priman- seal 
I of mischief. The retention of milk in the efi'ercnt ducts of the 
[ffected lobules, when it really occurs, may be very simply ejc- 
B^Iuined by the inflammatory infiltration of the surrounding con- 
tlWctivG tissue, in the manner already adopted for the patholog}- 
¥rf retention-cysts in general (S 70). The nodule usually sup- 
1 ^urates at several points at once ; some day, perhaps, we may 
r SKcced in tracing the beginnings of the suppurative liqucfoc- 
tion to tiie indi^'iduol lobules of the gland. Positive observatioiiH 
concerning the share taken in the process by the secreting 
parenchyma are wanting. 
^^^ The textuntl features of those painless indurations which 
^^KfteD persist lor years together as nodules from the size of a 
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walnut downwards, and which ultimately degenerate, or soften, 
or pass into sarcomatous or cancerous growths, are environed by 
still greater obscurity than even those of acute mastitis. The 
case is probably one of plastic, corpuscular infiltration of the 
connective tissue, which, as we know, constitutes a neutral, 
prodromal stage of the majority of morbid growths. 



2. Tumours. 

§ 596. At the outset of my observations, I alluded to the 
fact that pathological histology might be said in some sort to 
have got its training in the investigation of tumours of the 
mammary gland ; and this might lead the reader to expect an 
exceptionally scholastic treatment of the subject in the following 
sections. He will find himself disappointed, if by a scholastic 
exposition he understands a sharply-defined and systematic 
classification, a series of well-characterised divisions, and a 
minute analytical subordination of the subject-matter. The 
progressive specialisation of our studies has resulted rather in 
the obliteration of old land-marks than in the erection of new 
ones. For my own part, I know of only two great categories 
of mammary tumours ; the first including those which originate 
in the epithelial elements of the gland ; the second comprising 
such growths as spring from the subepithelial or interstitial 
tissue. Both these groups may encroach secondarily upon each 
other's territory ; all the more must we insist upon their place 
of origin as the true source of all their subsequent peculiarities. 

a. Tumours which spring froni the EpitheUal Ekmcnts of tlie Gland. 

§ 597. All the morbid formations which come imder this 
head have one great feature in common ; an increased promi- 
nence, a more vdiement expansion of the epitheliimi which lines 
the acini. This, as we know from normal histology, consists of 
a single layer of small, low, nucleated cells, in the closest con- 
tact with their opposite neighbours, and exerting a moderate 
degree of lateral pressure on one another. During lactation, 
the number of cells is doubled or even trebled ; the new-comers, 
however, are not piled up on one another, but squeeze in between 
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I tiie fonnei- oloments, so that of course the superficial extent ol' 

I the epithelium, and with it the ciicumferenee of the terminal 

I iollicles of the acinus, ore markedly augmented. The pcriacinous 

I and interacinous connective tissue, becoming more succulent 

I and richer in uu'gratory elements, gives way before this active 

Jrexpimsion of the acini ; the terminal follicles of each acinus soon 

V-come into close contact with one another, remaining separatod 

I only by a very narrow partition, which is, however, persistent. 

I The utmost possible degree of distension is at last attained, 

T What epithelial elements are subsequently developed can only 

find room ou eonditiou that the older cells separate from the 

wall of the acinus ; these pass into its central cavity, where they 

undergo fatty metamorphosis, producing a large amount of oily 

»tUltfui, which we call milk. 
§ 598, The course of these physiological phenomena furnishes 
many welcome analogies with the present series of mammary 
tumours. The first member of this series indeed, tkiie uyper- 
TBOPHY of the gland, is still too little known to allow of oui' 
making any confident assertions about its mode of origin. 
Jiii'kett affirms that the lobules of the gland are abaormally 
increased both in number and size, together with a simultaneous 
overgrowth of the interacinous connective tissue. This rare 
disease would thus eonsist of an enormous but uniform swelling 
of the breast, exhibiting a perfectly normal texture throughout. 
S 699, Equally rare, though it has been carefully studied, 
tumour which, in accordance with the definitions laid 
k4own in jig 148, 152, I am inclined to call adesoma of the 
The basis of the growth is unquestionably furnished 
' a proliferation of the epithelial elements of the acinus. 
Ut differs, however, from the physiological form of proljfera- 
by the circumstance that the cells are piled on one 
mother; also by the absence of the normal fatty transformation. 
B young cells arc derived from the extreme edge of the con- 
BCtive tissue (fig. 165) ; at this point we notice very small 
I, closely adherent to the wall of the follicle, and seemingly 
rushed by a very thin layer of nucleated protoplasm which 
I the whole of the alveolus. The young cells gradually 
merge from this layer and intrude between the bases of the 
Mpcet epithelial elements. These elements themselves are 
idnally detached, and pushed towards the alveolar cavity ; 
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Ia^st after layer is tluis produced, until at last the masaes of 
epithelium formed en every side meet in the centre of the cavit}', 
vhioh ia thua oUiteiated. A ptogrevdve dilatation td ihs 
caritiai then sets iat, i»«cisdy anah^ons to that which occora 
phyaiologically in coimexiDn with lactation, but differing &om 
it most esaentially in not occurring uniibnnly throughout all 
parts of the gland-subatance. On the contrary, isolated follicles 
ea^and at the expense of the rest, and an acinus which has 
undergone this form of d^eneration soon acquires a very 
strange appearance, although its true nature may still be easily 
reeognieed. MoreoTer, the gland as a whole is not uni£innly 
afieet«d. On the cantraxy, the tumour forms nodules which 




True epithelionis {BUtrolh). For details, 
see text ajo- 

may icach the size of an ^ange, while the ranainder oC the 
gland wastes. 

A chancteristic feature' ot the disease is the cemparatively 
high development of the indiTidoal cells. This arrays tcmi^ 
towards the specific type of epidermic eTcdntioo ; it does not go 
beyond the productitm of transititnuii epitheli& and grooved 
cells which never become homy. 

As time goes on, the contiguous cell-nests coalesce more and 
more ; a fatty metamorphosis sets in in the middle of the laiger 
ones, terminating in tiie formation of atheromatous cysts, which 
may be scattered through the tumour in considerable numbers, 
the individual cysts often reaching the size of a pea. Nothmg 
ia known of any imptiire of these cysts externally, of their 
uleerati<m, &e. ; so, to<^tlieiilt«riiK&te(^patiaDiaafflio&Biirith. 
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tliesc tumours is verj' doubtful ; no metastaaie to the lymphatic 
glunds of the axilla has hithprto been obaerred. 

The above facts oblige un to cliiss this tumour with the 
glandular cancroids or adomomata; I have no objection to urge 
against the term " true epitholiiJ glandular cancer " introduced 
by Billroth and i: linn,,,. 

§ 600. We come next to soft tasckr of the breast, charac- 
terised in its earliest stages by the rapid and simultaneous 
enlargement of one or more lobuloa to lumps of considerable 
size, which give the patient a great deal of pain. The origin of 
Boft canoer from the epithelium is quite as decided as that of the 
tranour which has just been described. But they ditfer essentially 
in the manner of the proliferation. In the former case, we had 
" extrusion of epithelial cells from the matrix ; " in the present 
one, wc have " fission of existing epithelial cells," The absolute 
ebarpness of the limit, which is early established in the present 
case bcn-een connective tissue and epithelium, is therefore very 
characteristic. The connective tissue of the stroma is marked 
off bj- a smooth, wavj' boundarj', whose outer edge is hyaline 
and trnnslucent. It runs exactly parallel to the surface of the 
epithelial cylinders, without uniting with them at any point. 
We see at once that the proliferation and independent growth of 
the epithelium is the chief determining cause of whatever altera- 
tions are produced. The epithelium iirst produces a solid cord 
which fills the acinus as far as its terminal follicles. The cells 
at the same time take on the character described in § 154, sc. 
that of large, verj' protoplasmic cancer-cells. In the youngest 
of these elements, the protoplasm of each single cell Boems to 
run into that of its neighbours. Soon, however, a distinct 
I eegmentution takes place, tbllowed by the polymorphism due 
to the Tiiutuol pressure of tlie growing cells. 

Constriction and fission of nuclei are everj-where apparent. 

^'ext, the epithelial cylinders begin to grow outwards and to 

intrude into the connective tissue, which gives way before them. 

I The int«ralveular septa are broken down ; in a short time the 

I thick partitions which permeate the acinus are converted into a 

I dclicuto and wido-raeshed network, which sustains the vessels. 

I ^[eaiiwhile, the thicker masses of connective tissue which separate 

' the individual acini of the affected lobe, arc abundantly infiltrated 

with small round-cells. The connective tissue is thereby made 
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softer and more yielding; its capacity for taking part in the 
growth of the cancer is increased. The cancerous nodule has 
by this time assumed the form of a very large tumour, in which, 
however, all parts of the former lobule, much as they may be 
altered, can still be recognised. But now its development enters 
on a new phase. 

This is characterised by the appearance of fresh nodules in 
over-increasing numbers in that part of the gland which is still 
intact. The fresh nodules grow just like tiie old ones, with 
which they partially coalesce, contributing in this way to form 
4X large, irregularly tuberculated and soft tumour, over which 
the skin is tightly stretched; ultimately undergoing suppurative 
disintegration, and exposing the cancer to the air. 

§ 601. Some excellent researches of Kbster^s have lately 
made us acquainted with a new way in which cancers may 
originate and grow. I allude to their origin from the endo- 
thelia of the IjTnphatics, which renders the extension of the 
epithelial cylinders into the lymphatic vessels of the adjacent 
•connective tissue possible, and at the same time explains it. 
Now there is a form of mammary cancer which, setting out 
from a moderate proliferation and change of type of the alveolar 
epithelia, passes straightway into an infiltration of the intera- 
<;inous and interlobular lymphatic network. In a very tough 
nodule of moderate size, which looks more white than grey to 
the unaided eye, the microscope shows that the terminal fol- 
licles of the acini, and the efferent canals as far as the larger 
galactophorous ducts, are dilated and filled with fatty-granular 
debris, with granule-cells and epithelial elements ; to these nests 
and cylinders, which, as already stated, are distinctly recog- 
nisable as the constituent elements of former acini, the infiltrated 
lymphatics adhere by a slightly-expanded base. The lymphatic 
network is as completely filled with cancer-cells as it is with 
fluid after a successful injection. The arcuate contours, the 
varicosity, the broad nodal points of the network, are all veiy 
plain, and leave no doubt that we really have degenerated 
lymphatics before us. Billroth has aptly termed this variety a 
TUBULAR CARCINOMA. Yct I canuot couseut to draw any sharp 
line between tubular carcinomata and ordinary scirrhus; my 
reasons will be clear enough firom the following considerations. 
§ 602. By far the most usual variety of cancerous 
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I irvBU CAXCER of thc breufif, in the widest sense of tte term, 

L depends less upon a "proliferation" of the existing glandvdar 

I cpithelia, tlian upon an " epithelial infection," which Bpreadu 

I from them to the connective- tissue corjJusclcM and Ivrnphntic 

opithelia in their neighhourhood. The proliferation of the 

glandulur opithelia ii« usually limited to a moderate increuso in 

the number of the cells, due to fission ; the cells then taking thi- 

character of cancer-cells and uniting to form a solid mass, which 

I Boon ceases to he distinguishable from the nests of cancer-cellK 

Bpriuging up in its neighliourhood. Inconspicuous as is this 

metamorphosis, there cannot I think be any doubt, that it gives 

[ the first impulse to all the changes which ensue ; in large 

sections, which embrace the most various stages of the process, 

J the cancerous infiltration may distinctly be seen to set out fron> 

the immediate neighbourhood of the acini, and to spread from 

' s point in concentric circles. Its extension, and consequentl}' 

I the actual growth of the tumour, is due to a direct conversion of 

I the connective- tissue corpuscles and IjTnphatic cndothelia intd 

[ cancer-cells, arranged in nests and bands. 

It is assuredly of importance that wc should, as anatomists, 
I distinguish clearly between the various constituents of the nutri- 
tive apparatus, xr. the blood- veeeels, the Ivmphatics, and tho 
I intermediate system of "lacunar interstices in the connective 
I tifisUG ;" for nature herself fimiishps us with tnistworth'\- criteria 
I for the purpose- We may perhaps find that these elements 
I exhibit a certain individuality as regards some pathological 
I alterations. We must not, however, lose sight of their physio- 
I'lofpcal relationship, which has its anatomical mark chiefly in 
Ktlto fiimilarityand equivalence of the corpuscular elements which 
lline the entire system of canals siibserricnt to nutrition. These 
Elements posscsH both nuclei and protoplasm ; the latter, howeicr, 
■in the blood-vessels and IjTnphatics, is chiefly represented by a 
■ thin, homogeneous plate, to whose outer surface (that which is 
I turned airm/froiii the interior of the ve8.icl), the nucleus is glued 
fly the often very minute residue of soft protoplasm. Even in 
the juice-corpuscles (Saftzellen), a partial sclerosis of the proto- 
plasm takes place, as is seen more purticidarly in mucoun 
Ci the cornea, in the tissue of the tunica intima of the 
but I do not bind myself to push the analogy, at present, 
I minor details of structure. The essential unity of all 
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these cells is far more strikingly apparent in pathological pro- 
liferations. 

We will confine our attention for the present to hard cancer. 
The microscopic appearances whidbi it pitetents have been re- 
peatedly and thoroughly studied ; thagr leave no doubt as to the 
fiict, that the majority of the oeU^-nests originate by a direct meta- 
morphosis of single connective-tissue oorpusdes; so far, at least, 
Virehow's doctrine remains unshaken. True, we erred in gene- 
ralising too hastily from the results afEbrded by cancer of the 
bveast ; for it turns out that cancer-cells tnat/ originate otherwise 
than from connective-tissue corpuscles. All the more trium- 
phantly do the general proportions concerning Carcitioina simplex 
(g 158, et seqq.) maintain their ground in reference to aoirrhus 
of the breast, from which the app^ided drawings (/. c.) were taken. 
The metamorphosis is ushered in by an ''epithelial infection," 
which is still purely hjrpothetical, ue. by a stimulus propagated 
from the actual epithelium to the connective-tissue corpuscles 
which lie next to it, inciting them to undergo a similar indi- 
vidual evolution. This is followed by the abundant accumula- 
tion of protoplasm round the nuclei, their division, the fission of 
the . cells, as already described ; and I cannot help even 
now regarding each of the frisiform, youngest nests of cancer- 
•ceDs as the ojBGspring of a single connective-tissue cor- 
puscle. Re-examination of the question has convinced me in- 
deed, that the Ij^mphatics may take part in the cancerous produc- 
tion ; yet their participation is only prominent in the hardest 
members of the series, those known x«t »|o;^» as "scirrhous ; " in 
the softer varieties, their share does not admit of independent 
valuation. 

§ 603. Accordingly, as the reader will observe, I distinguish 
between harder and softer forms in a connected series of hard 
cancers of the breast. The hardness (as contrasted with the soft 
consistency of medullary cancer), may be ascribed broadly to the 
fact that the tough bands of interstitial fibrous tissue, though put 
on the stretch by the cancerous infiltration, and perhaps even to 
some extent thinned, are never wholly absorbed ; so that through- 
out all the phases of the development of the tumour, they con- 
tinue to form a rigid, inelastic web, which permeates its substance. 
The intimate cohesion of the fibres yields only to the irrettstible 
expansile force of givwing cancer-cells. But when once the cells 
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I hxve passed the Eenith of their lii'e, the elastic reaction of the 
' connective tissue refissuines its away ; and I do not think 1 am 
«ver-hold in assuminj^ thut this reaction contributes directly to 
the degeneration of the cancer-cells. The subdivisions of hard 
cancer flow naturally from the aliove considerations. The more 
decided and exuberant the corpuscular proliferation, the larger 
, "the axe of the indi^'idual elements, the more generally the con- 
nectiTe-tissne corpuficles are involved in the morbid process, the 
softer will be the conaiHtency of the tumour as a whole, in har- 
mony with the character of fie iniiltration ; while on the other 
hand, a moderate proliferation of cells which remain permanently 
small, and a predominant infiltration of the lymphatics, give the 
Upper hand to the connective tissue, and result in the production 
of the harder varieties. 

S 1504. Cancerous tumours of the breast occur by pi-eference 
in ft nodular form ; the rare exceptions to this rule, the occurrence 
of diffuse iniiltration of one or more lobules, nay, even of the 
J entire gland, being usually due to the fiofter " connective-tissue 
r cancers," characterised by the large -size and polymorphism of 
I their cells. As regards the nodular varieties of these latter 
I- iipecies, I may once more refer the reader to the remarks on 
[ Carcinoma niiupler in the General Part of this treatise. 

True sciRUHUs merits a more thorough investigation. Bill- 
roth defines it as a "small-celled, tubular, connective- tissue 
I cancer," With the experienced eye of a master, he has hit the 
\ two most important features of the growth. The cells of u 
I Miirrhus really are barely one-third of the si^e of an ordinary 
•r-cell. They exhibit, notwithstanding, a woll-murkod epi- 
I thelial character, which may be most satisfactorily seen whcre- 
fCver the interstitial growth upproachea the epithelium of the acini 
jand ducts (fig, KSli). Equally characteristic of these cells is 
■%heir great durability. Degenerative changes can hardly be 
Idetectod in these cancers. The cut surface of the nodule is tough, 
L white, in parts of a silky lustre, and devoid of thut yellow mai-- 
B-hling which distinguishes the zone of fatty metamorphosis in 
Iflimple cancer. The second of BiUroth'n criteria, the "tubular" 
vfltructorc, depends primarily upon infiltration of the lymphatics, 
ftttid secondarily upon the fact that the connective- tissue cor- 
BpuM^, in undergoing proliferation ftnd change of tj-pe, fill the 
f lacunar interstices more uniformly, in long rows, instead of 
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otmoentmting tliemselres at particular points and fonning nests, 
as in simple cancer. The annexed figure (fig. 166) is borrowed 
frmn Waidfyer, who has done good service in pointing out the 
connexion of the interstitial proliferation with the epithelinm of 
the acinL We see at £, as I think, a bit of the infiltrated 
lymphatic network; tboog^ I have since obtained specimens 
ezhibitiiig the lymphangioid character of certain tabular infiltra- 
tions &r more distinctly — sometinies, indeed, showing the nun-bid 




Scirrhm nuunnue. a. Ui]k-dacts vith hyperjj«^e epithelium. 
h. l^i-nnT interstires in the CMUKctire lifsne (Irniphaties T' 
ilkfiltntfd with celK Afl«r ITaUrifer. 



growth eiclnsiTely confined to the lymphatics (Ct § 601). 
Here the connective-tisene corpuscles seem to take but little share 
in the process. Bat this is decidedly exceptional. To get an 
idea of the ordinarr type of structure, we must imagine all the- 
fine lines which are seal in addition to the infiltrated products, 
beset widi almost continoons rows of cells. 
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CoLi^iD CAxcER IS also met with, thougli rarely, in the 
I mammary ghitid. I hove Been it forming a "cancer en 
I cuiraaae," 

In conclusion, I append a table of synonj-ms which will 
I prove most acceptable to the beginner, owing to the very volu- 
, minous literature which exists on this subject. 

S1MPI.K itYPEKTROPHV of the mammary gland. True ade- 
[ noma {Billroth), 

Adenoma or cancroid iivvERTunriiv, according to my no- 
I menclatwre. True glandular epitheliorao of Billroth. 

Medullarv cANi-Eii. Soft cancer of the breast. Acinous 
I large-celled glandular cancer of Billroth. 

Carcinoma simplex {Forxfpr). Included with tho next 
I variety, under the common naino of scirrhns, by practitioners. 
I The most usual form of mammary cancer. Large-celled (P) 
I tubular cancer {Bilh-olh). Carcinoma reticulatum of Miillf-r. 

SciRRiirs. Fibroid cancer, small-celled tubular cancer 
li {^Billroth). Shrinking, wasting, cicatrising cancer. 



%h. Tumours uhich oriijinati: In the Connecticc Turnue of the Gland. 

% G05. This second group of mammary tumours includes 
most of the representative forms of hiatioid growth — sarcoma, 
fibroma, myxoma, &c., tumours which mostly start from a cir- 
cumscribed portion of the gland, and, gi'owing in the form of 
linodules, often reach an enormous size; tumours which, after 
dical extirpation, seldom recur or give rise to secondarj' 
ieposits in internal organs, The most importjmt of them is 
inquest ionably the cistosahcoma mamm.e, a tumour which de- 
Bervon our whole attention, because it exhibits the various species 
f of histioid growtli, whether singly or in combination, under a 
form highly characteristic to the naked eye, and affords evidence 
of the close affinity and intimate correlation which subsists 
between them. 

Accordingly the term " cystosarcoma " must in nowise ho 
1 to denote a delinite variety, say of round-cell sarcoma, 
mpHcated by cysts ; it tells us only that a morbid growth, pos- 
Bsing the test ural characters of a histioid tumour, has invaded 
imary gbnd, and given rise to dilatation of its preformed 
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cavities. The way in whicli this dilatation occure, however, is 
ao very peculiar, as to give the tnmour an exceedingly strange 
aspect to the naked eye. Round cysts, filled with mncns, arc 
only found occasionally, and in an isolated form. On the other 
hand, the cut surface of the tomour exhibits a nnmber of shallow 
fissores, communicating here and there with one another, but 
for the most part running in parallel or concentric lines, thereby 
giving the tumour a peculiar, foliated structure, which Vtrehow 




tJeual aspect of the cut surface of a cystosarcoma 
seen l>y the iiakcd eye. 

aptly compares to that of a split cabbage {fig, 167). If we 
are to speak of " cysts " at all, we must clearly understand 
that they are either squeezed flat, or bo filled with tumonr- 
elemente that their cystic character is wholly unrecognisable. 
Both of these conditions contribute in some degree to the result. 
It may be regarded as certain that these fissure-like spaces are 
really the altered ducts. In sections of adequate thinness 
(fig. 168) we can detect a continuous lining of stratified 
Fia 168 columnar epithelium, which pours a clear, 

viscid, synovia-like mucus into the cavity 
of the fissures. Moreover, the epithelium, as 
Lpared with its normal standard, is in a 
state of exuberant proliferation, which per- 
fectly corresponds to the abnormal extension 
of the sarfbce which it clothes. But this 
milk-duct lined with extension of the sur&ce which supports the 
•.^mmr epithelium, epithelium, i.e. of the subepithelial and in- 
' * terstitial connective tissue, is the essential 

factor in the whole process. It is due, either to a nnifonn 




Dilated and distorted 



reteliiD^ and tliickeiiing of tlie valla of the ducts, or to an 
' ingrowtlt of papillose and dendritic vegetationa into their interior. 
More rarely, luid for tlie most part only by way of complication, 
do solid, globular turaours originate at a distance from the ducts, 
I amid the larger deposits of intt^rstitial tissue. If vre add to 
Ihe resnlting varioty of external appearances, the manifold 
irietj* of the tumour- forming materiaJs, we cannot wonder that 
»rly every cystosorcoma inaramaj should have some apeciiil 
ntiires of its own. We will confine ourselves to the most fre- 
quent morphological combinations. 

1. Ci/stomrcoiiut fihromiH (Fibroma intracanaliculare papil- 
lare mammic, Virrhoic). A ronndod, usually lobulated enlarge- 
ment of the mammary gland, of verj' considerable hardness. On 
splitting it open, we see some tolerably largp nodules (perhaps 
OS large as a hen's egg), presenting the colour and quality of 
true fibroids, iia well as foliated himinis and septa of the same 



Dilated inilk-JiR- 
Hem^ark.) 




iu cavil)- iH lilkil with pa- 
wiUs, (After Mtckel van 



; besides these, wc have small and large groups) of papilla) 
ifrliich may have broken through the skin here and there, and 
ide their api>eanuice on the surface. 

, d/stosarcoma iiwro«»iii (Mj'xoma intracanaliculare arbor- 

8 mamma!, Vireltoic. Cystosarcoma prolifcrum vel phyl- 

, Mailer). This is the most usual form. It differs from 

Qie fibrous variety by its more rapid growth and the exuberant 

roliferation of papillose and foliated excrescences into the ducts. 

iheseure best seen when an accumulation of mucoid secretion is 

xiiated with the stretching and dislocation of the galacto- 

lorous ducts, and globular or hemispherical sacs are formed 

nto which papillose vegetations project (fig. 169). The growth 



212 MOBBID ANATOMY OF THE MAMMARY GLAND. 

is made up of mucous tissue, intermingled with round-cell 
sarcoma-tissue. 

3. Sarc(mm pericmialiculare, adeiwides (Billroth). A spheroidal 
nodule which exhibits, on transverse section, the foliated windings 
of a white or reddish-grey substance ; imder the microscope this 
turns out to be either round-cell, or, less frequently, spindle-cell 
sarcoma- tissue. The growth is limited to the subepithelial layer 
of connective tissue, and what we see is really a monstrous 
caricature of the normal ramifications of the glandular paren- 
chyma. 

4. Sarcoma pe)ieaimliculare diffmitm. This is a perfectly 
uniform and for the most part spindle-celled sarcomatous mass, 
in whose interior the galactophorous ducts are stretched and dis- 
torted into wide, gaping fissures. This growi;h likewise sets out 
from the neighbourhood of the ducts, and subsequently extends 
throughout the interstitial tissue of the gland. 

§ 606. Compared with the cystosarcomata, the remaining 
histioid tumours of the mammary gland are few- in number. 
Most common among them is a round-cell sarcoma made up of 
several nodules ; most interesting, a spindle-cell sarcoma with 
a limited degree of malignity, characterised by its exqui- 
sitely radiating structure (Carcinoma fasciculatum of Mulkr). 
But the tumour is far too rare to allow of my giving any more 
complete account of it. Small nodules of enchondroma have 
repeatedly been met with in the mammary gland ; also lipomata, 
although the latter should always be regarded as altered lobules 
of the adipose tissue which surrounds the gland. 



xn-5roRBn) anatomy of the prostate. 



1. HvPEIlTEOniY. 

g 607. It has beeu recently siiggcsted, and tlie suggestion 
bus met with much support in England (T/ioiiip/ion), that the 
proatate is to be riewed as the homologuo of the uterus. The 
quantity of unstriped muscle contained in its stroma, the cir- 
cumstance that the recognised equivalent of the womb, the so- 
called titrmihis pro^faiicm, is situated very nearly in the centra 
of the gland, give this theory some show of likelihood ; but it 
ought not to be forgotten — 1st, thtit the utricular glands with 
which the prostatic tubiili would have to he considered homolo- 
gous, are not embedded in the muscular layer of the womb ; 
Sndly, that the tifrint/iii pro^ttiiirus is not a mere cavity, but 
posaeesea a wall of its own which may be distinctly -separated 
trom the substance of the prostate, and which would therefore 
have a prior claim to be regarded as the homologue of the uterus. 
Nevertheless, it is singular tbat the most common form of pro- 
static disease — hypertrophy — should present so unmistakeablc a 
likeness in many of its features, to an equally common disorder 
of the womb, sc. the development of fibromata in its walls. 

§ 608. Two forms of prostatic hj'pertrophy may be dis- 
tinguished. In the less conmion variety, wo have a imifomi 
enlargement of the organ in all its dimensions and a marked 
increase in its denaitj-, due to the presence of an exceedingly 
tough, inelastic, whitish, tibrou.s tissue, which permeates the entire 
gland. The muscular bundles are all in a state of active over- 
growlh, while the gland-tubuli waste and disappear. In extreme 
cases of this form of degeneration, the glandtdar elements are 
■wholly destroyed ; no trace of them can be detected, and the 
prostate is converted into a homogeneous fibro-muscular tumour. 

Matters take a different course in the second and by far the 
most usual form of prostatic hj-pertrophy, which may be rccog- 
niaed at ti glance by the presence of discrete nodules in the sub- 
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mostly in the sympathy of the prostate with the remainder of 
the genito-nrinary system, particukrly with catarrhal disorders 
of the urinary passages. 

I believe it possible to discriminate two stages in the 
course of acute inflammation of the prostate. The mischief 
begins with marked congestion and codema of the entire organ; 
this persists throughout the whole of the first stage. Little is 
known, imfortunately, concerning the minute textural alterations 
which occur. Tliom^mon observed " dots of thickish pus, which 
were not really minute abscesses, but gland-cysts." Hence the 
process appears to be localised in the tubuli at an early period. 
The second stage — one which is generally obviated by the skill 
of the surgeon — ^is that of abscess. Pus-corpuscles are abun- 
dantly secreted from the inner sui*face of the gland- tubuli ; they 
mingle with the normal secretion of the gland to form a 
glutinous, viscid, greenish-yellow fluid, diflering in some 
respects from ordinary pus. The pre-existing cavities become 
distended ; at a later period some of them may coalesce ; and we 
then find the prostate studded with a variable number of ab- 
scesses of difierent sizes. It sometimes happens, though very 
seldom, that one of the lateral lobes is excavated into a single 
abscess of larger size. Weeks and months must elapse before 
the inflammation can reach this point, owing to the resistance 
offered by the unyielding fibro-muscular stroma of the gland. 
The abscesses usually burst into the urethra ; sometimes, how- 
ever, they may force their way to the surface, establishing 
fistulous passages towards the rectum, the bowel or the penis. 



3. Tuberculosis. 

§ 611. Tuberculosis only affects the prostate in that form 
which causes phthisis of the gland. The nodules, first grey, 
then cheesy, are found embedded in the neighbourhood of the 
tubuli. Their softening and disintegration lead to the formation 
of numerous abscesses which increase in size by the progressive 
addition of new tubercles, and finally perforate the bladder. 
The whole process is analogous to 2^Mhi8is remits and tcsticuU 
(S 569 and S 589). 
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4. Cancer. 



§ 612. Cancer of the prostate is not common, and is always 
protopatliic. The medullary variety forms tuberous growths of 
large size which usually protrude towards the interior of the 
urethra, finally perforating it and forming ulcers. Oscar Wyss 
asserts that the disease originates in a primary degeneration of 
the gland-substance, particularly of the tubular epithelium, 
while the stroma remains passive. I have no views of my own 
on the subject. Melanotic cancer, which has also been met 
with in the prostate, would only be a variety of the medullary 
form. 



XIII -MORBID ANATOMY OF THE SALIYARY 

GLANDS. 

1. Inflammation. 

§ 613. The noteworthy progress which has recently been 
made in elucidating the normal histology of the salivary glands 
has not yet made itself felt in the cognate field of morbid 
anatomy. This is principally due to the rarity of disease in the 
salivary glands; also to the fact that inflammation of these 
glands does not come under observation imtil it has reached far 
too advanced a stage. Great difficulties have hitherto beset the 
experimental investigation of these disorders, owing to the in- 
sensibility of the salivary glands in the lower animals to trau- 
matic lesions ; so that there is some excuse for our acquaintance 
with the histological details of inflammation of these organs still 
continuing to repose on a small number of well-observed cases 
of parotitis {Virchotc and C. 0. Weber). I have myself been 
obliged to rely exclusively on the materials employed by C, O. 
Weber, whose specimens have been carefully preserved in the 
Pathological Institute of Bonn. 

§ 614. It is probable that the inflammatory irritant is always 
propagated to the salivary gland from that mucous surface upon 
which its ducts open. Even the so-called " idiopathic" form of 
parotitis is usually preceded by a stomatitis, however trifling in 
degree; and as for those cases which are connected with a 
dyscrasia, the most important among them, that due to mercu- 
rial poisoning, has also been proved to depend on an extension 
of morbid action from the buccal mucous membrane ; so that it 
is only the parotitis associated with zymotic diseases (typhus, 
pysemia, acute exanthemata, &c.) which can still, according to 
our theory, be ascribed to the direct influence of the altered 

i which passes through the gland. These a priori views 
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concerning the etiology ol' influmnuilioii of the soliTory glands, 
ore folly borne oat by the anatotnicul cliauges which attend it ; 
for they consist of a catarrhal inflammation of the secreting 
parenchyma, combined with catarrh of the salivary ducts. 

First, then, as regards the purenchjma. Virehow deserv'es 
the credit of having jmt aside the earlier, mistaken view, once 
generally accepted, sc. that parotitis was essentially an inflamma- 
tion of the connective tissue of the gland. True, that in acute 
parotitis both the capsular connective tissue of the organ, and 
especially the septa in its iuterior, undergo a very considerable 
degree of infiltration, first with acnim. at a later period perhaps 
even with pus. Nevertheless, every inflammation of a salivary 
gland sets out from the secreting purenehj-ma in the narrowest 
sense of the terra, i.e. from the epithcliul elements which line the 
short terminal follicles of the gland. The so-called lobules, 
barely appreciable by the unaided eye. and which normally 
attain the size of a big pin's head at the utmost, and are of u 
pole yellowish -grey colour, attract our attention in the inflamed 
gland as tense, swollen bodies, as large as a lentil, and of a dark- 
red hue. It is obvious that the inflammatory hj'perfrmia bus 
concentrated itsell' vcrv- specially upon these lobules. Even 
extravasations may here and there be observed on their surface. 
If we now proceed to examine hardened specimens under the 
microscope, wo recognise the following appearances (though 
not till our eye has groxi-n somewhat used to the variety and 
complexity of the picture). 

Groups of the terminal follicles are seen in various stAges 
of morbid change, according us they belong to one or other 
lobule. Side by side with lobules which are still quite normal, 
we tind — 1st, some, whoso epithelial elements are much en- 
■ged, darkly- granular, and loosened from their connexion with 
one another. The swollen cells, wliich here and there exhibit 
nuclear fission, fill up the entire available space, which they dis- 
tend to twice its usual size or even more, according to circnm- 
stancea; Wehey has also observed endogenous proliferation of 
pus-corpuxclcs in these large colls. 2nd, others, containing a 
large number of pus-corpuscles in their alveoli, while their walls 
■re still lined by a continuous layer of epithelium (flg. 170). 
~~ pua is eqai^'ulcat to a "catarrhal secretion from an inflamed 
"; we have only to inquire whence it is derived? 
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Several answers suggest thcmselTes. We might refer to the 
endogenous proliferation of pus-corpusclea described by Weber; 
or we might think of a migration of young cells from the 
subepithelial connective tissue, I do not regard the presence 
of a continuous epithelial stratum as any objection to the 
migration hj'pothesia. Thirdly and lastly, it is just possible 
that the epithclia which stiU adhere to the alveolar walls have 
generated the young cells Ij'ing in their midst by undergoing 
fissiparous multiplication. Active iiesion may often be seen 
going on ; and when we reflect that this some layer of cells is 
probably the source of the normal epithelia as well, we ore 
involuntarily led to suppose that a quantitative excess of physio- 
logical renewal may have some share in the inflammatory pro- 
cess. Even those lobules ivhich arc distended with recently 




Transverse section through a portion of an inQamed parotid. 
Teimiool follicle cnuimied witli puH-coqiuaclea ; its W«lb 
are lined nith epitheUnl elements imdergoing uutive pro- 
liferation j the aumiuniliiig connective tissue is infiltrated 
with small ccUi. ^Jg. 

swollen epithelia, exhibit nuclear flssion in those stellate and 

■atcnQOsiiig cells, creacentic in tronsTcrse section, and very 

L in protoplasm, which form a special layer between the con- 

Ixre tissue of the alveolar wall and the mature Bolivary cells. 

Mnding to PJtuffoi; these cells are most intimately connected 

li tlie nervous system. The theory that they also provide 

the renewal of the superjacent epithelial stratum (a view 

loh has been especially advocated by Heidenhain) does not 

pear incompatible with this. Now if we compare the various 

ared lobules with one another, we speedilj- discover that it is 

st these cells which persist after the remainder of the epithelial 

irattmi is shed, and which simultaneously undergo a morbid 

irocess of proliferation. 3rd, lobules in which no trace of 
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epItLelium can be detected, and which merely resemble meshes 
of connective tissue tilled ivifh pus. These wholly purulent 
lobules coalesce to form abscesses of progressively increasing 
size, which subsequently take the place of entire lobules, nay 
oven of entire lobes of the gland. 4th, the interstitial con- 
nective tissue is at first swollen and (Edematous ; it helps the 
anatomist to distinguish clearly hetwoon the individual lobules 
which are inflamed. At a later period, a corpuscular infiltration 
utakes its api^eurance, beginning aroimd the inflamed lobules, and 
advancing steadily, both inwards, towards the interior of the 
lobules, and outwards into the broader eepta of eomiective tissue, 
leading in either case to suppuration and abscess, ^th, the 
salivary ducts throughout the wholt' of the inflamed tract also 
generate pus on their inner surface, as was shown by C. 0. 
JVcIkt : yet their epithelium continues unaltered for a long time, 
and only perishes when the gland has been entirely destroyed 
by suppuration. 

From all this we maj- infer that inflammation of the salivary 
glands runs its course more or less as follows : — The tirst stage 
is ushered in by hypencmia of the lobules and cloudy swelling of 
the salJYory cells, with ccdema of the connective tissue ; in the 
second stage, u purulent catarrhal secretion is kept up, partly 
from the epithelial cells of the lobules, partly from the surround- 
ing connective tissue; the development of a corpuscular infiltra- 
tion of the interstitial connective tissue coincides with this ; in a 
third stage, which, however, is not usually reached, the pus 
generated by the connective tissue penetrates into the alveoli 
on the one hand, while on the other it forms abscesses in the 
connective tissue itself, and so brings about the destruction of the 
entire organ. The active share in the purulent catarrh, so con- 
stantly taken by the salivary ducts, loads us to believe that most 
of the inflammatorj' affections of the parotid are really duo to 
an extension of the morbid action from the oral cavity along the 
efferent ducts of the gland. This would also explain the woU- 
uked catarrhal character of all forms of parotitis. 

2. Tumours. 

§ 615. Soft cascer of the parotid, a rare disease, seems 
all we know of its minnto structure, to be a true glandular 
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cancer, i.e, it seems to originate in the epithelial lining of the 
gland itself. An ^niberant outgrowth of this layer in the form 
of solid cylinders of cells which steadily bore their way in all 
directions, partly breaking down, partly stretching the con- 
nective tissue, is the main feature in its development. The 
stroma consists of thin and smooth trabeculso of connective 
tissue, stretched between a network of vessels which is very 
abundantly developed in parts. The cancer-cells adhere but 
loosely to the stroma, as a rule ; yet an observation made by 
Sick is worth mentioning; he noticed that the cancer-cells 
adhered more firmly to the veins and venous capillaries, nay even, 
that they seemed to originate there by proliferation of the cor- 
puscular elements of the adventitia. C 0. Weber also insists 
on a more intimate relation of the connective tissue to the 
production of the cancer-cells, calling attention to the not un- 
common occurrence of papillary outgrowths, intruding into 
the interior of the acini. I have seen something of the kind 
myself, in a soft cancer of the mammary gland. The cancer- 
cells were for the most part very sharply marked oflF from the 
connective tissue ; but here and there, a continuous transition of 
connective-tissue corpuscles into cancer-cells could be observed. 
These appearances coincided, for the most part, with the points 
of intersection of the thickest trabeculae of the stroma; but I 
failed to ascertain anything more concerning their position and 
significance. 

Melanotic cancer is even more rare than the simple me- 
dullary form; nothing is known about its textural relations 
to the elements of the gland. 

§ 616. C. O. Weber has published some statements about 
SciRRHUS of the parotid. They tend to show that this tumottr 
presents striking analogies to scirrhus of the breast; yet the 
implication of the glandular epithelium is far more decided in 
the salivary than in the mammary gland ; the infiltration of the 
connective tissue with small cells presenting more of the character 
of a reactive inflammation and fibroid overgrowth. The glan- 
dular epithelia form tubes and cylinders which permeate the 
tough white mass of the tumour in all directions. 

§ 617. No adenoma of the salivary glands has been hitherto 
described. Epithelioma, tck>, never occurs in a primary form ; 
yet it not unfre(iu6ntly intrudes into tilie submaxillary or parotid. 
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pifloce of the peripheral proliferation of a cancroid 
I in the lips or tongue. Here, if anywhere, K6?fer'» 
researches (% 167) are moat strikingly adapted to ahcd light on 
this inlruflion of the cancroid processes into the structure of nn 
adjacent organ. In exact accordance with the course and mode 
of division of the lymphatics, we see the cylinders of cells 
forcing their way, first through the capsular connective 
tissue, then into the interior of tlie gland along the broader 
septa, and finally invading the individual lobules of the 
secreting parenchjTna. Each alveolus takes part in the morbid 
, process as follows : the spindle-shaped or crescentic cells at its 
edges, which I described as the matrix of the salivary elements, 
are the first to be involved; fhey divide and multiply very 
briskly. A cushion-like layer of large epithelial cells is thus 
produced, which surroimds the older salivary cells, and distends 
' the alveolus to about twice its normal size. Should the changes 
have gone a atop farther, the old salivary cells cease to be speci- 
I ficaUy recognisable as such, while the epithelial elements gene- 
f rated in the alveolus cannot be distinguished from those of the 
cancroid processes with which they now appear to be directly 
continuous. As regards this latter point — the continuity of the 
epithelial elements produced from either side— I believe that 
it is due to an oponing-np and expansion of pre-existing 
I prolongations. Nothing can bo seen of any other mode of 
I destruction of the glandular elements — say by simple atrophy, 
I nwd only add that the connective tissue is enormously infil- 
trated with small cells ; this change everywhere preceding the 
epithelial proliferation described above, without, however, taking 
any direct share in it. 

§ 018. Besides the carcinomafa proper, mention must be 
\ made of the frerfucut occurrence of an epithelial proliferation 
I "which only complicates certain compotmd forms of histioid 
I growth. The Siilivary glands, as I have said alroudy. are a 
\ favourite seat, next to the bones indeed, the favourite seat of 
' KSCTiouDROMA. Uncomplicated — nay, absolutely pure examples 
of this tumour, are more often found in these glands than any- 
> where else. Besides these, however, we find tumours in which 
I the cartilage represents merely the acme of textural evolution, 
I while the main bulk of the growth is made up of mucous tissue 
\ with spindle-cell and round-cell sarcoma-tissue (Bilhvih). 
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These tumours invariably originate in the interetitial connective 
tissue ; they form lumps whicli may attain the size of a closed 
fist, but which, on account of their eicluaively central growth, 
usually become intolerable when they have reached the size of a 
walnut. They very commonly present a radiating structure ; a 
tough, fibrous nucleus, sending out radiating bands of sarcoma- 
tissue, here and there inlaid with islets of mucous tissue 
and of cartilage. In other tumours again, the mucous tissue 

Fig. 171. 




From the cut Biirfiice of a myxoma of the parotid. The spaces 
filled witli epitlielial cella and pearly nodulea are profciblj- 
lymphatica. See text. ^^. 

is the dominant constituent ; these are accordingly called 
" myxomata of the parotid," It is this variety that Billroth 
found to be complicated by the epithelial proliferations alluded 
to above. Whether they set out from the acini of the gland 
or not, is doubtful ; but it is quite certain that their main 
bulk consists of altered lymphatics. This is obvious from a 
single glance at Billroth' s beautiful preparations, one of which is 
now at my disposal. The entire lymphatic network with its 
characteristic outlines is seen to be filled with masses of epithe- 
lium ; and even the little fragment of which I made a drawing 
before I came across Kmter'a researches, exhibits the unmis- 
takeable contours of three lymphatics cut across transversely 
and obliquely- It is a singular fact that " pearly nodules" are 
met with in these cases, though they never occur in secondary 
cancroid of the salivary glands {§ 617). 



' XIV.-MORBID ANATOMY OF THE THYROID BODY. 



he elAborate reaearcheB of Jl. VMtovi (Kwiiik. Gescbw. iii I) have 
exeruised »o great an influence in elucidating nnd advancing oiir know- 
ledge of the morbid anatomy of the thjioid hodj — which preriuualj- 
laboured under a certain vnguencM ond uncertainty— tliat I may ven- 
ture to handle this rather ditKcult topic in the siurnnary way wUicli 
befita a text-book.] 

1. Goitre (Steuma). 

§ 619. The thyroid body is liable to few diseases ; and amoDg 
these, goitre is the most important. It coiisiats in nu enlarge- 
ment of the organ, often very considerable, which occurs evcry- 
iere in a sporadic form, but is so common in some moun- 
mous districts, that a healthy thjToid, especially among the 
ale part of the popuUttion, is hardly to be met with. 
We might easily enumerate a whole series of goitres differing 
a one another in kind ; f.g. cystic, vascular, gelatinous, fol- 
olar and amyloid goitres ; those forms, however, all group them- 
bItcs round a common centre, the hj-pertrophic goitre {Slruinii 
Al/jjeiiropltictj). In other words, every goitre, however singular 
may be its ultimate differentiation, begins as a true and simple 
hypertrophy of the gland-aubstance, which of itself, i.e. without 
the supervention of further, secondary inotamorphosea, con- 
stitutes what is known as Slrtiitut hjpertrophtea. What then do 
^^ffi uiidersl&nd by this term ? 

^^k % 620. I will sketch the anatomy of the thyroid ghmd in u 
^Hir worda. As in the open glands, so here, we distinguish bc- 
^^Been two elements of structure — Ist, the gland- follicles, the 
^^■ologues of the secreting tissue of other glands, e.g. of the tubuli 
^^piniferi of the kidney, of the acini of the mucous glands, &e. 
^^fflidly, a framework of connective tissue which invests the fol- 
Iieles and unites them into little groups or "granules," and into 
larger aggregates, the lobules aud lobes. The follicles are closed 
Be, consisting of a simple pavemeut-epitbelium, and containing 
ingle drop of a highly albamiuoas, clear fluid. The connec- 
roL. II. q 
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contaiiiB. We find some goitres entirely made up of cysts of 
Tarious sizes (Struma et^stica), Bnt the morbid change does 
not long continue in this stage. What was originallv a erst 
due to softening, becomes a secreting cyst ; hence a new and 
powerful cause for its further enlargement. Serum, nay even 
blood, may be poured out in considerable quantity into the cysts; 
and some of them may attain proportions perfectly colossal 
(liiesenkrop/f Giant Groitre). On the other hand, the increase of 
centrifugal pressure may lead to a further absorption of the 
septa in the interior of the tumour ; the cystic goitre beocanes 
unilocular, and we may ultimately find a single cyst of moderate 
size, but with exceedingly thick walls, in the place of the thyroid 
body. 

S 622. We have yet to refer to the amyloid and osseous 
varieties of goitre (Struma amy hides ct ossea). Each of these 
corresponds to a special mode of retrograde metamorphosis, 
which in the one case affects the glandular parenchyma and the 
vessels, while in the other it confines its action to the connective 
tissue of the stroma. As a general rule, it is only single seg- 
ments of large goitres which become calcified or impr^;nated 
with amyloid matter. Yet the deposit of earthy salts may go 
so fiu* as to enable us to obtain a coherent skeleton bv maceration, 
a cyst- wall converted into a bony drum, &c. On the otiier hand, 
the amyloid infiltration of individual nodules of the goitre may 
attain so high a degree as to result in the formation of a per- 
fectly waxy mass (§ 48) ; and it is here more especially that the 
chemist has an opportunity of getting ver}"- large quantities of 
chemicaUy pure amyloid matter for analysis. 

2. Cancer. 

$ 623. What used to be known as "scirrhus of the thjToid,'* 
is nothing more than that fibroid induration of the hypertrophic 
goitre which has been described above. This leaves soft cancer, 
which 18 occasionally met with in the thjToid gland, as the sole 
representative of the group. "VNTien primarj-, it forms tumours 
of tolerably large dimensions, which tend to burst into the 
(esophagus or trachea. . Metastatic deposits of cancer are some- 
what rare. We have no histological data concerning either the 
one or the other varietv. 



-MOlimn ANATOMY OF THE SUPEABENAL 
CAPSULES. 



§ 624. It is oiily within recent years that physicians have 
I «ome to know and bolievo in the existence of a series of morbid 
I alterations in the suprarenal capsules. In the year 185-j, 
I Thonuit Addmn made the assertion that a constitutional malady, 
I consisting of ana;mia and debility going on to fatal marasmus, 
[ with a progressive dirty-brown discoloration of the skin, not 
I absolutely uniform, but darker in some patches than in others. 
I was the result of u complete disorganisation of the suprarenal 
[ tapsnles. This assertion has since that time been tolerably well 
confirmed as a whole ; the discoloration of the skin more espe- 
cially, the Hielasmit nujii-arena/e, has obtained civic rights in the 
realm of science. Aa regards the causal relation between the 
symptoms and the structural changes in the suprarenal bodies, 
L aathors are still at variance. V'lr/ioir, who has devoted special 
I Attention to the imjuirj' in Germany, has, on mature considera- 
I tion, arrived at the conclusion that the disorganisation of the 
I suprarenal capsules involves direct injury to tho nervous elements 
I of the capsules themselves, and to those in their immediate 
I neighbourhood {n.i/. tho solar plexus), and that the sj-mptoms 
I tnuHt be explained on this basis, sc. through the agency of the 
I nervous system. On this view, the precise mode in which the 
K «itpsules are destroyed would be of little moment. Experience 
I has taught us, however, that in the vast majority of cases, 
I Aililisoii'i disease is due to titkercvlosis of the suprarenal 
I- bodies, 

I S 625, Ijet us then bestow our attention in the first place 
I upon this, by far the commonest affection of the capsules. It 
I begins with an eruption of grey nodules, larger than a raillet- 
I seed, in tho medullary layer of tho organ. We cannot localise 
I them more precisely, whether in the sheaths of the vessels, in 
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those of the nerve^, or in the Ijonphatics. The nodules coalesce 
to form larger aggregates which may ultimately attain the size 
of a pigeon's egg and more ; these speedily become cheesy. An 
infiltration of the connective tissue of the septa with small cells, 
which I regard as inflammatory, takes a great part in this pro- 
cess. Medullary and cortical substance alike succimib to the 
degeneratiye change. The capsule alone resists disorganisation ; 
HAff it is converted by an inflammatory form of reactive over- 
growth into a succident, fibroid lamella, from half a line to two 
lines in thickness, which encloses the cheesy deposit on all sides. 
I have often seen it adherent to the adjoining surface of the liver, 
pancreas, &c., and I am of opinion that the lesicms of the nervous 
plexuses, so strongly insisted upon by Virchaic, may really be 
due to this extension of the inflammatory changes to the neigh- 
bourhood of the suprarenal capsules. 

§ 626. No histological investigations have hitherto been 
made into soft cancer of the suprarenal capsules ; this may be 
primary^ though it is usually found in conjimction with cancer 
of the generative glands. What used to be called sarooma of 
the capsules, has recently been described by VirckoK as oliobia. 
Virchow is oonvinced that the medullary substance of the supra- 
renal bodies, so abundantly provided with Bfirve-fibres and 
ganglion-cells, cannot be^d0v<»d of the connective substance of 
nerve-tissud— of neuroglia ; hence he regards certain, not vevy 
unoommcHi, roundish tumours of the medullary substance, vary- 
ing in sixe from a pea to a cherry, rose-coloured and tough, 
as partial overgrowths of this neuroglia — as ''g^omata.'' 
(Cf. Tumours of the Il^ervous System.) These must be care- 
fully distinguished from another, more uniform overgrowth of 
the entire substance of the gland, which Vircbow has recently 
described under the name of svprabenal goitre {Sirunia mpra^ 
renaUs). The term is a happy one, owing to the dose resem- 
blance of the cortical substance of the suprarenal bodies to> 
the structure of the thyroid gland. In either case we have 
closed follicles, filled with epithelial cells; in the outermost layer 
of the cortex, the follicles are spherical ; farther inwards, they 
become elongated and tubular ; at the edge of the medullar}' 
substance they are very small, and their contained cells are frill 
of black and brown pigment-granules (intermediate pigmentary 
layer of Virckotc). Struma mpraremlis originates in a prolifera- 
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tion of the follicular elements, and according as this process 
extends throughout the entire gland, or remains confined to 
single portions of it, we get either nodular or more imiform en- 
largements of the organ. The nodules may reach the size of a 
walnut, when they exhibit elongated, branching and contorted 
follicles, filled with corpuscular protoplasm in* course of &My 
disintegration. Wherever the interstitial tissue takes a more 
active part in the hyperplastic process, tough, fibroid depoalts 
are firand. Enough has been said to show that the analogy 
with goitre certainly goes a long way ; we may therelbre give 
in our adhesion to Virchoic^s view with perfect confidence. 



XYL-MORBID ANATOMY OF THE OSSEOUS SYSTEM. 

§ 627. The axiom that the phenomena of disease are iden- 
tical with those of normal life is justly regarded as one of the 
principal results of scientific investigation in our day. The 
relation in which the special forms of disease stand towards this 
axiom was, and still is, different in each individual case. For 
while the teacher of clinical medicine finds it comparatively easy 
to persuade his pupils that fever is only a quantitative exaggera- 
tion of the normal heat of the body, that the severest dyspnooa 
results from the very same lack of oxygen and excess of car- 
bonic acid which cause the normal hesoin de respirer — the task 
of the morbid anatomist is far more arduous, when he attempts 
to give even a limited degree of plausibility, e,g, to the parallel- 
ism between physiological and morbid growth (Cf. §§ 60, 67). 
Under such circumstances it is especially gratifying to the 
morbid anatomist, that in the diseases of the bones he has at 
least one series of phenomena, in which the analogy with physio- 
logical prototypes can be so clearly demonstrated as to bring 
home the doctrine in question to the most unpractised eye and 
the most prejudiced mind. 

Whoever is familiar with the interesting series of textural 
changes attending the normal growth of bone, with all that 
is known concerning its development from periosteum and from 
cartilage — ^has already mastered the elements of the patholo- 
gical histology of the osseous system, and is in no risk of 
losing his way among the minor qualitative deviations from the 
normal type which nevertheless exist. Many diseases of the 
bones depend upon a simple excess or deficiency of normal 
growth ; a far larger number on the predominant activity of 
single anatomical factors, whose part in normal growth is more 
subordinate ; in every case, however, some analogy at least may 
be discovered between the morbid phenomenon and a normal 
prototype. The above reflections will be kept in mind as 
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I our partition and clusalBcation of the 

1. Disorders of Development. 

§ Gii8. I will not pause to inquire whether wo are right in 
\ ascribing the gonoi-al excess or deficiency in the size of the 
body as a whole, the stature of c.iaxts and of dw.uifs, bo exclu- 
avely us is usually done, to a greater or leas intensity in the 
growth of the skeleton ; I will only call attention to a single 
Sact which bears the other way, viz. that the hypertrophy of 
ingle liinbs which is occasionally met with, does not depend 
lolely upon ou enlargement of the bony framework of the affected 
For if we atrip the soft tissues from such « limb, and 
mpare their weight with that of the residual bone, dealing in 
B some way with the corresponding extremity of the opposite 
' !, we find that the aggregate preponderance on the affected 
e is not by any moans due solely to the bones, but that the 
Ikuscles, skin, vessele, &a., have undergone a proportionate 
tcrease in size and weight. 

!9. A peculiar interference with normal growth is caused 

jrPKKMATLREOSSlFICATIO.NOFTlIK SUTURES AXD SYMHOXDRDSIN. 

remature ossification of the longitudinal sutures of the skull 

I pvea riee to those peculiarly elongated crania with narrow fore- 

I lieada, which we term dolicho-cephalic ; premature osaification 

of the coronal and lambdoid sutures causes the brachy- cephalic, 

globular form of skull. Prognathism results from a premature 

osaification of the curtilago which originollj- intervened between 

the hasioccipital and basisphenoid (in the os IrilMmlair of 

L yirchow). Early ossification of the pelvic synchondroses gives 

B to arrest of development of the corresponding peh-ic arch 

I (gi/iic/ioiu/rosU mcro-iliaca dextra, sinistra ; syiitphysi*) , and coii- 

I aequcntly to contraction of the transverse and oblique diameters 

I tiS the pelvis {P. ncquibilitcr j'lts/o minor — ob/iqtic/ff diaiorteil 

ftlciii). These changes sometimes attain a pathological signifi- 

they are still, however, so far within the bounds of 

salth that, iriii-i- iiUa, the cram'al and facial characters of the 

rious races of mankind, exhibit diversities precisely similar to 

piose which have just been descrilted. 

% 630. RicKHi-s (EixjVwhf Krn,M--i/). The manifold ab- 
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nonnalitieft of the osseous system, the long series of distortions 
and swellings of the bones which occur in rickets, depend ulti- 
mately on a morbid acceleration of those changes which usher 
in and prepare the way for the transformation of cartilage into 
bone, and the development of bone firom periosteum. The 
actual ossification follows at a slower pace; and hence the 
substance which, in the normal course of development, imder- 
goes immediate conversion into bone-tissue, and whose existence 
is therefore of a very brief and temporary character, accumulates 
in disproportionate quantity. Now it is this intermediate sub- 
stance which forms the swellings just alluded to, and, more- 
over, allows the bones to be bent and broken. But I must not 
anticipate. 

§ 631. When bone is developed in a eartilagmous matrix, 
the latter, as everybody is aware, melts gradually, layer after 
layer, before the advancing line of bone-tissue, into a rdatively 
soft material, wholly made up of cells ; the cartilage-cdls divide, 
and th^ division is usually repeated twice over, in the cells of 
the first and second generation, so that each original dement 
comes ultimately to be represented by a group, containing on an 
average eight corpuscles, which remain provisionally enclosed 
in a common cavity. This is the former cartilage-cavity. The 
thick, glassy membrane by which it is lined, is the former 
cartilage-capsale. Both of these are stretched and dilated, 
partly by the multiplication of the ccmtained cells, partly by a 
pecuUar expansion which each of the newly-formed cdls of the 
third generation undergoes. The hyaline matrix t^ the olA 
cartilage is nearly all consumed, so that the large, ovoid cap- 
sules of the contiguous groups of cells are in imsMdiate contaet 
with one another. A single, or at most a double layer of such 
capsides constitutes the normal " zone of proliferation" ot the 
cartilage. 

Now it is just these preliminary phenomena, forming, so to 
say, the preparatory stages in the growth of bone, whidt are 
markedly disturbed in rickets. We may fairly assume that in 
rickets the chemical (P) stimulus which excites the cartilage- 
cells to undergo division, is present in abnormal quantity, and 
hence occasions a more frequent fission of the individual de- 
ments, as well as a more speedy implication of fresh layers of 
cells in the proliferative change. The anatomical appearances 
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md great support to this Kj-pothesis. From ten to twenty or 
e layers of CMrtiluge-cells ure found simultaneously engaged 
in the process of proliferation. Even the cells of the third 
generation Iia^e undergone division, so that we have groups of 
from thirty to forty elements, which are arranged in elongated 
oolomns, somewhat bent und displaced by mutual pressure, at 
right angles to the surface of the bone (fig. 172, 17). Whereas 
I in normal bones the pi-uliferating zone of the cartilage can 




Part of the "zona of proliferation" of an epiphyaal cartilage in 
rickets, a. Several columns of cell*, auJi ox result from 
the proliferation of singk cftrtilnge-coqjUMles ; h. Direct 
o^ificolion of the cartilage- See § 631. jia- 



)oi-ely be detected by the naked eye as an extremely narrow 

)ddish-grey atripe, in ricketty bones {fig. 173) it fomtfi a brood, 

rey and translucent, very soft cushion (6) between the carti- 

! (rt), on the one hand, and the perfect bone-tissue (rf) on 

e other. 

^ ti'-i2. The phenomena we have just traced in cartilage recur 

in a precisely analogous form in the periofiteum. The j'oung and 

TasGulur embrj-onic tissue which is generated by the periosteum on 

B inner surface, forms under normal conditions only a ttin layer 

wliich can hardly be perceived by the imkedeye. The rapidity with 
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wliicli it undergoes conversion into bcHie does not allow of its 
accumulating in any considerable quantity. In rickets the case 
is differeait. Under the infiuence of this disease, the inter- 
mediate substance accumulates tn layers which are often a line 
in depth. Older authors speak of a haimorrbagic exudation 
between the bone and the periosteum, and compare the deposit. 
Fig. 173. 




Vertical section lUroiigh the upper lialf of a ricketty humcms. 
Slightly magnified. u. Hyaline cartilage of epiphysis ; 
6. Its "zone of proliferation," permeated by medullaiy 
^^laces ; at c & loige piece of directly ossified cartilage (k« 
fig. 174); A. The boundary of tlie bone ; «. The medullaiy 
cavity ; /. Tlie compnct flubslance ; g. "Zone of prolifera- 
tion of the iK'riosteuni. 

()n account of its colour, to the splenic pulp. More careful in- 
vestigation proves that no extravasation has token place, but 
that the red colour of the young connective tissue is due tfl the 
numberof wide and thin-walled capillaries it contains (fig. 173, j;). 
The deposit usually extends over the surface of the bone in the 
form of broad, flat, uniform elevations. On the cranial bones 
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108C are, as a rule, shaqjly circumscribed, a peculiarity whicli 
ia not manifested in the same degree upon the bones of the- 
cxtremities. 

S 633. The next question which suggests itself is this : how- 
does the bone itself leapoiid to this exuberant actiWty on the 
(Mirt of the cartilage and the iwriostoum? Does it, so to say, 
avail itself of the opportunities for a more rapid growth, does it 
grow faster than usual or no ? That it does not usually do this 
i« clear enough from the very fact of the accumulation of the^ 
intermediate tissue. Tho pecidiar histological phenomena, how- 
ever, which are manifested in these very accumulations, sponla- 
lualy convey the idcii that nature is fully aware of her duty 

iwards the bone, that she is doing her best with the means at 
lier disposal to accomplish the difficult task of ossification ; and 
that although, with her limited resources in the way of earthy 
salts, ^■ef^sels, and medullary spaces, she is imable to produce a 
leally solid bone, she yet endeavours, to the best of her power, 
to distribute these necessary elements throughout the whole of 
the proliferating zone, as if she wanted to show how far tho bone 
ought actually to have reached, if everything had taken its proper 
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§ E)34. Laying aside all teleologicol metaphor, it is certain 

it the process of oasilication is not wholly absent in the 

interior of the proliferating zone ; that it^ individual anatomical 

factors at least may be detected. Confining our attention to 

the cartilage for the present, we observe in the first place that 

well-formed medullary spacrs exi^t in tho layer marked li (fig, 

173). We know the important part which the formation of 

medullary spaces plays in thcdcvclopmont of bone from cartilage. 

jThe spheroidal groups of proliferated cartilage- cells are con- 

irted by a renewal of division, which seems to sot in very 

Idenly, into masses of the same size, but consisting of colls 

rliich are at once far smaller and far more numerous (medullary 

) ; a partial liquefaction of the basis- substance enables these 

to coalesce with the nearest medullary spaces of the 

rawrfect bone ; almost at the same moment, a capillary loo]> is 

lijuvivn out into the annexed territory, and a new medullary 

le with all its attributes is complete. To render this change, 

'liich is perfectly unique of its kind, quite plain to the readers 

' idj I will detine it as an ingrowth of the nicduUarj- tis.suc of 
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the bone into the cartilage. Hie medullary tissae is exactly 
like grannlation-tissae. Just as the granulations shoot up from 
the surfJEtce of a wound in course of repair, so here, vaseular 
processes of medullary tissue spring frcmi the open medullary 
spaces at the edge of the lx»iey and invade the cartilage with 
llieir dub-flhaped extremities. Were it not fer our confirmed 
habit of concentrating our attention, in the present oasey upon 
the formation of cavities to receive the young tissue — ^up<m what 
may be called the negative aqwct of the entire phmomenon — 
we might just as wdl term the medullary spaces " uuduUary 
papilleo" ; and this new way of looking at the matter will per- 
haps £Eieilitate our comprehension of some of the individual 
phenomena of the process. 

During the normal growth of bone, the development of me- 
•dullary spaces and the advance of the medullary tissue into the 
<3artilage, take place simultaneously and equably along the whole 
line of ossification. Between the adjacent medullary spaces, the 
cartilage undergoes complete lique&ction, the capillaTy loops 
inosculate with one another ; the development of the first osseous 
trabeculsD, sclerosis of the basis-substance, transformation of the 
medullary cells into bone-corpuscles, calcification, &c., set in at 
the edges of the territories of nutrition (§ 52). One glance at 
fig. 173 is enough to show that no such uniform advance of the 
medullary spaces occurs in rickets. On the contrary, we see 
that while the main body of the medullary spaces remains in 
line (at d), solitary exceptions have pushed their way here and 
there fitr into the proliferated cartilage, nay, have even pene- 
trated as fiir as the boundary of the non-proliferated cartilage 
(a). If we inquire further into the matter, by making a hori- 
zontal section through the cartilage at b (fig. 17), we find that 
these sporadic medullary spaces are nevertheless distributed with 
some regularity, each of them forming the centre of a large 
territory of cartilage, which depends upon the medullary tissue 
for its supply of nourishment. So that it seems far from unlikely, 
and quite in agreement with the general laws of nutrition and 
vascidarisation, that the whole of this antecedent devdopment of 
medullary spaces is really an effort at vascularisation, intended 
to supply both the proliferated and the non-proliferated portion 
of the cartilage with nutriment ; the latter of these, more espe- 
cially, being removed to a disproportionate distance from its 
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source of pahulum, by the interposition of so thick a layer of 
young non- vascular tieeue. 

Apart from the dc\'elopment of these medullary spaces, a 
certain number of calcified patches in the interior of the pro- 
liferated cartilage recall the phenomena of normal ossification. 
In the latter, calc ifmhtios occurs partly aa a provisional in- 
crustation of the cartilage at the ossifying border, partly as a 
definitive impregnation of the basis- substance of the permanent 
With regard to the former, the provisional calcification 

the cartilage, and the curious disturbance which thie under- 
goes in rickets, I need only refer the reader to ^ 54, where I 
have taken rickets as an illustration of the principles of calcifi- 
cation in general. Most of the rough, white particles, grating 
under the scalpel, which are disseminated through the riokctty 
cartilage, are really bits of this "provisionally calcified car- 
Side by side with these, however, there are also per- 
manent deposits of earthy matter, which partake of the nature 
of normal ossification. Kolliker was fie first to observe the 
direct conversion of cartilage into bone in rickets (§ 54). The 
annexed figure (fig. 174) is meant to give the reader some idea 
of this very curious " eortilage-bone." It may be seen to 
consist of medullary spaces, b h, separated by wide bridges of a 
tissue, which, from the stellate form of its corpuscles and the 
complete impregnation of its matrix and cell- capsules with 
earthy salts, must be regarded as true bone and not merely as 
calcified cartilage. There can, indeed, be no doubt that besides 
the impregnation with earthy salts, a very slight change in the 
position of the individual corpusdea has enabled the proliferated 
cartilage to transform itself into the tissue in question. At a a 
the latter pasftes uuiiiterniptedly into the columns of cartilage- 
alluded to above, and the persistence of a special zone to 
^fepresent the capsule of each cell, notwithstanding the calcifica- 
tion, would be an unheard-of phenomenon in normal bone. On 
the other hand, the attitude taken up by nature herself towards 
the cartilage- bone, proves that she means it to be regarded as 
equivalent to true bono. For as the drawing (fig. 173) Bhows, 
the cartilage- bone is quite simply and directly adopted into the 
structure of the true bone, during the gradual advance of the 
ossifying border, del. We are able to recognise the sharply- 
circumscribed bit, c, of the proliferated cartilage, as cartilage- 
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hone, owing to its liomogeneous, chalky aspect, and the number 
of its medullary spaces. The section ponrtrayed in &g. 174 i» 
token from tliis bit. Kow if we turn our eyes to the adjoining 
part of the already completed diaphyeis, we notice a smaller patch 
of precisely similar texture, quite independent of the former one, 
and quite surrounded by regular medullary spaces. Virchwr 
Ruggests that such residual bits of cartilage-bone may serve in 
later life as predisposing causes of enchondromatous degeneration. 
§ 635. The " incomplete ossification of the intermediate 
tissue " is a much simpler nffitir in the case of the periosteum. 




Fkihi the "Mine of proliferation" of an epiphyaiil cartil(u>e in 
tickets (lig. 173, c). a. ColamnB of G«lla not yet o^ified ; 
b. MedulLu^' spacer of directly osai&ed cartilage, j^. 

All the complications due to the non-TascuIar character of car- 
tilage — the development of medullary spaces, the provisional 
calcification, &c., are entirely absent. The only question is, 
what amount of true bono is produced from the young and 
highly- vascular connective tissue. This amount, which pro- 
bably corresponds to the normal quantity, is distributed, in 
ricketty bones, over a far larger area than usual ; the individual 
trabecula! arc therefore extremely thin, and the gross result is 
the conversion of the sub-periosteol "exudation" described in 
*S 632 into a verj- porous and vascular osteophyte, which forms 
an unduly thick layer on the surface of the bone, and persists 
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anoreover, in tho oBteophj'tic stage for an unduly long period, 
vliile the apposition of compact bone-tissue is wholly arrested 
meanwhile. 

S 636. Wo have now traced tlie rachitic prooeaa everywhere 
to the point at which it culminatea. "We go on to inquire how 
the disturbances wliich it occasions aro calculated to cause the 
Tarious deformities characteristic of the rickett^' skeleton. In 
this connexion we must consider, first of all, that the thick layers 
of proliferated cartilage which intervene between the epiphyses 
and the diaphysos of the long bones, yield to the mechanical 
forces to which the skeleton is everj-wherc exposed, bulging out 
laterally, and producing rounded swellings which environ the 
bone on every side. 

The name " Zwicwuchs," given to rickets in some parts of 
Gorroany, is based on the mistaken notion that the bilateral 
protruBion of tho swollen epiphysal curtilage of a single joint is 
really due to the presence of tii-o joints IjTng side by side (arfi- 
Cttli duplicaii). The beaded enlargements of the costal cartilages 
Bt their junction with the ribs, are known as the "ricketty 
rosary." Moreover, displacementa of the bone upon the cartilage 
may occur. The well-known "pigeon-breast" (j)ertm galli- 
nacfum) is due to a recession of the sternal ends of all the bony 
ribs in consequence of the respiraton,- movements, while the 
etemiun, together with the costal cartilages, is pushed forward 
beyond the level of the thorax. For this it is necessary that 
the costal cartilages should be bent nearly at right angles ; and 
this is only rendered possible by the great flexibility of the proli- 
ferated cartilage. Still more important for the physician are tho 
pehnc distortions resulting from an abnormal mobility of the 
ncro-iliac synchondroses. For inasmuch as the sacrum is natu- 
ly pressed down by the entire weight of the trunk, head and 
ipper extremities, and as this downward tendency is inado- 
itely resisted by the jHelding sacro-iliac sj-nchondrosea, the 
imontory is more or less deeply depressed into tho upper 
'ning of tho pelvis, narrowing its ca\'ity from above and 
,ind to such an extent that the subsequent fixation of the 
lormol state results in a reniform configuration of the pelvic 
Jt. 

The disturbance of periosteal growth is chiefly to blame for 
%e manifold curvatures and infractions to which the bones of 
vol.. II. r 
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the extremities aree^wsed. It majseem strange, at first siglit^ 
that a deposit of new matter upon the surface of the bones should 
not rather contribute to make them firmer. That it ought to 
do so is indisputable. But we must recollect that the increased 
thickness of the bone, the progressive apposition of new layers 
of compact tissue to its outer surfSeice, is always accompanied by 
a simultaneous absorption of compact substance firom its inner 
surface, from that which faces the medullary cavity — an absorp- 
tion exactly proportionate to the apposition ; and this goes on as 
usual in rickets. We have already seen that this disorder inter- 
rupts the peripheral appositi<m of compact bone-tissue; the gross 
result must therefore be a diminution in the thickness of the 
cortical layer of the bone ; and the effects of this cannot be 
neutralised by the osteophytic strata, however thick they may 
become. Hence the bones bend, or, what is just as common, 
they break on one side only, like a roll of paper, while the other 
side is simply stretched across the seat of fracture, and the central 
marrow is crushed (willow fracture, infracUo). The most cha- 
racteristic deformity is that of the thighs and legs, which inva 
riably bend outwards under the weight of the body, while the 
tibia at the same time slides inwards upon its lower epiphysis 
{genu varum). 

§ 637. The effect of rickets on the growth of the occipital 
bone is worthy of especial notice. This bone is more exposed 
to mechanical pressure than any of the other flat bones of the 
skull. The weight of the brain upon its inner surfiice exerts a 
direct counter-pressure upon any support on which the patient's 
head may rest — such as a pillow. Should the periosteum undergo 
any exuberant proliferation, the young and yielding tissue, before 
it can become ossified, must necessarily waste under the influence 
of this double pressure; accordingly the occiput is not thickened 
by the apposition of new layers from the periosteum, while on 
the other hand the absorption of the tabtih ritrea, which keeps 
pace with the growth of the brain, proceeds at its usual rate. 
The result is that the flat part of the occipital bone comes to 
exhibit thin spots here and there, and finally even actual holes, 
only filled in by the dura mater and the periosteum. (Soft 
occiput, Craniotabes.) 

§ 638. The degree of alteration which the skeleton may 
imdergo in any single case depends partly on the intensity. 
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partly on the duration of the disease. Should it be arrested, 
tiie supenmjnerarj- layers undergo a subsequent os&ification and 
are replaced by an extremely dense, hard and heavy bone-tissue. 
The various curvatm-ea and nodular ewellings of the bones are 
thereby rendered permanent ; all the more so, as the bones, after 
the subsidence of the rachitic process, usually stop growing. It 
seems as though the store of material, and the capacity for 
regulur ossification, had both boen exhausted by the violence of 
the disease. The patient remains stunted, at any rate below the 
average statnre, and the lasting deformities of the limbs, the 
thomx and the peh-is, are a perennial source of suffering and 
inconvenience. 

2, Inflammation. 

a. CrEVEILiL REMARKS, 

S 6-')9. A general view of all the morbid changes included 
under the term " inflammation of the bones " makes us wonder 
equally at their great clinical diversitj-, and their singular ana- 
lical uniformity. Most inflammations of bone run a course 
one-sided acute growth ; the most striking deformities of out- 
le, the most profound qimlitative changes, are operated by the 
Tery same means as those employed in the physiological enlarge- 
ment of the bone, «c by the development of bone from periosteum 
and from cartilage, by the formation and extension of medullary 
spaces in its interior, I have already pointed this out in g 627. 
We can now appreciate the bearing of those observations. The 
aole deviation from the physiological tj-po, one, however, which 
bads to the most serious consequences, is the formation of pus. 
The occurrence of suppuration introduces infinite complications 
into the whole course of the inflammatory process ; repair can 
only bo brought about by circuitous methods, which, owing to 
Ihe local peculiarities of the osseous texture, are less certain in 
operation than those which enable a wound of the soft 
parts to heal by the second intention. 

§ 640. Taking the histology of the non-sttpuhattve forms 
[*(f inflammation first, we begin with oseirvrsc periostitis {P. 
s). The periosteal infiaimnation manifests itself as an 
itatioQ of the physiological activity of the tusue. Ac- 
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cording to the normal law of periosteal growth, successive layers 
of new bone are deposited ; we get inflammatory hyperostoses, 
periostoses and exostoses (see § 673). Here and there we find a 
stage of development which is normally transient, persisting for 
an undue length of time ; thus in the repair of fractures we 
often have the large accumulations of "osteoid cartilage" 
tnown as callm ; again, the due conversion of the spongy osteo- 
phyte into compact tissue is occasionally much delayed {^na 
tentosa) ; upon the whole, however, matters take their usual 
course so far as the hone itself is concerned. Not so in the 
parts which surround the bone. Virchmc^s careful investigations 
have proved that in connexion with well-marked ossifying peri- 
ostitis, bone may also be developed outside the i)eriosteum 
(Parastosis), The tendency towards, and the capacity for 
" bone-formation " spreads, as if by contagion, to the connective 
tissue which is continuous with the periosteum, to the inter- 
muscular connective tissue, to the sheaths of the nerves and 
vessels. 

It may be objected that these are really exostoses, which, 
although extending to a distance from the parent bone, are yet 
invested by its periosteum ; but though the periosteum in such 
cases passes uninterruptedly into the parostotic bone, neverthe- 
less, by careftdly tsacing.it from the healthy to the diseased parts, 
we may assure ourselves beyond all possibilMjbf doubt, that the 
parostotic bone is really situated outside tl^^^pnost periosteal 
lamella. I know nothing from personal^bapration about the 
way in which the parosteal connective tissue forms bone ; but it 
seems likely that the same phenomena with which we are already 
familiar in periosteal growth, are repeated in this case also. 

§ 641. The second factor in the non-suppurative inflamma- 
tion of bone is ossifying ostitis (0. ossificam), an extension of 
those changes to which the increase in length of the tubular 
bones is due, and which serve to shut ofi* their medullary cavity 
from the cartilaginous epiphyses or the articular cartilages. 

We know that under ordinary circumstances, only a narrow- 
meshed and spongy tissue is here developed. Now ossifying 
ostitis jaelds a compact tissue, frequently distinguished by the 
extreme tenuity of its Haversian canals, and presenting a very 
dense, ivory-like hardness {ehwiieatio ossium). Histologically, 
the process consists merely in a continuous deposition of fr*esh 
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InmelliD of bone on the inner surface of the medullary spaces ; it 
is tliia which gradually imrrowa them down to the size of the 
capillary vessel they contain. 

§ 642. The third, a very important factor, is fungatixg 
OSTITIS (0. cariiosa velftiiigosd)-, its action is directly antagoniatiu 
to that of the two preceding forms; it has its physiological pro- 
totj'pe in that centrifugal enlargement of the mediUlary cavity 
which follows close upon the heels of the periosteal and epi- 
phyaal bone-growth, and thus maintains the thickness of the 
compact cort«x and of the spongy epiphyses at a standard 
proportionate to tho stature and age of the iudi\4dual. Inflam- 
matory irritation may cause a one-sided accelemtion of this 
process, leading to the destruction of the compact tissue, and 
the conversion of the bone over an area of variable extent into a 
ioft, fragile, fleshy substance. 

643. As regords the histology of the process, thoiigh the 
physiological rarefaction is tho prototype of tho pathological 
form in its broader and more general featiiros, yet we must not 
overlook certain minor peculiarities, presented by the melting 
bone-tissue on the one hand, by the growing medulla on the 
other, and which are essentially due to tho greater rapidity of 
the morbid as compared with the healthy process. Among these 
are: (I) certain pecuKar alterations in Ibrm exhibited by the 
bone-tissue immediately before its absoqition. For while the 
edge of the melting bono-tissue, e.g. the border of a medullary 
flpuce, is normally entire, we find in fangating ostitis the appear- 
ances known as Howship's lacuna;, i.e. the edge is broken by a 
aeries of shallow arches or deeper semicircular excavations, with 
their concavity outwards, between every two of which the inter- 
vening portion of the bone forms an angular projection (fig, 
175). A somewhat rarer phenomenon is the antecedent cana- 
liculisation of the bone-tissue, which Vo/Jmiaiin was the first to 
describe, and which ho called " vascularisation." Fig. 176 is 
Iwrrowcd from Volhiuann. A bony trabecula is seen to bo 
ifissured by a minute canal, which is relatively wide where it 
begins at one side of the trabecula, but which bifurcates about 
its middle ; the two main branches being connected by a great 

iber of narrower collateral channels forming a rich anasto- 

lotic network between them. The conoliculi are all bordered 

toothed outlines, which hero and there correspond too closely 
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to the familiar oatlines of the bone-corpuscles, to leave any 
doubt of their origin irom lacunar anaatomosea. Moreover, 
the intervals at which the unaltered bone-corpiucles in the 
immediate neighbourhood are distributed, show clearly that the 
line of the canalicnloB coincides in position with a row of former 
bone-corpoBcIes which have been destroyed. The only ques- 
tion is whether the canaliculi are really occupied by capillaiy 
Teesels, as supposed by Volkmann. I doubt this, inasmuch as I 
liave never succeeded in injectingthem from the blood-vessels, or 
in finding the characteristic elements of a capillary tube, each 




Caiiea fangoaa. A fragment of bone allowing HowBhip'B lacoiue 
and bone-corposclH infiUial«d with latty matter. ^^ 

as a nucleated membrane, in their interior. Judging from the 
way they refract light, the contents of these canals must be 
id^tical with those of the bone lacunte ; hence I can only 
regard them as a further development of the nutrient apparatus 
provided by the system of anastomosing lacuue. 

Both the Howship's lacunie and the canaliculisation of the 
bone-tissue are a result of the increased afflux of fluid pabulum 
to the b<me. We may, indeed ve most, regard the radinary 
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liiitritioa of bone-tissue as carried on by tbe transmissian of 
I fluid matter from ono bone-corpuscle to another. Shonld the 
I amount of fluid poesing through the Ixtne-tissue iu a given time 
I be increased, the bone-corpuscles with their unaatomotic comniu- 
■ nicatioos must □ecessarily- undergo enlargement; and I have 
I leoson to believe that tliis enlargement depends upon a direct 
I solution of the intercellular substance in the fluid itself (»f r 



Fungating ostitis. Canalicaliwtion of the bone-tisaue. After 
It. Volkmunn. 3^. Soc teit. 

B'f 606. cunnliculisation of cartilage). The solution and enlarge- 
■ment naturally occur eailiest in the lines along which the cur- 
Irent ia most powerful ; and this is probably the reason why the 
I liquefaction doea not proceed at a nniibrm rate along the edge 
fot the melting bone, hut gives rise to alternate excavations and 
ular promontories (Rotcs/iip's IticHiue) ; it also explains the 
rforation of the septa between adjacent canaliculi along the 
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etraightest and shortest lines of flow, which must naturally tra- 
verse the plane in which the osseous lamellae are stratified, at 
right angles (canaliculisation). I hold it more prudent to con- 
fine myself to this general view of the process imtil further 
investigations have supplied us with more certain data ; hence I 
do not follow Billroth in ascribing the formation of Howship's 
lacunas to the pressure of advancing granulations and capillary 
loops ; neither do I agree with those who regard these lacunae 
as due simply to the enlargement of those cavities which 
normally contain the bone-corpuscles. Both of these theories 
may occasionally be true ; but I may suggest, as regards the 
former, that the nutrient fluid may perhaps be more abundantly 
secreted at the apices of the granulations, at the points where 
the capillaries form loops, than elsewhere ; and as regards the 
latter, that the cavity which contains the bone-corpuscle is a 
preformed reservoir of the same fluid, which might account for 
the more rapid solution of the basis-substance immediately 
aroimd it. The Howship's lacuna may be filled with cells, or it 
may contain a giant-cell ; I am convinced that these elements 
are lineally descended &om a pre-existing bone corpuscle ; but 
even such changes as these involve an increased afflux of 
nutrient fluid; in short we always come back to this as our 
ultimate resource, and we cannot wonder when we find (in 
mollities omum) Howship's lacunae on the boimdary-line between 
the normal bone-tissue and that which has already parted with 
its earthy salts, or when we see that even the peg of dead ivory, 
driven into a bone for the cure of a false joint, presents the 
same mode of lique&ction ; for we are able to assume a common 
cause for all varieties of the phenomenon, sc. the irregular 
action of a fluid capable of dissolving the calcareous salts only, 
or of one which is able to dissolve both the salts and the organic 
matrix of the bone. 

§ 644. (2.) Another series of peculiarities which distinguish 
the morbid &om the physiological rarefaction of bone is found 
in the behaviour of the medulla. 

In accordance with a very generally accepted view of 
Virchow^By the condition of the inflamed medulla (putting suppu- 
ration aside) is identical with that of red or foetal marrow. This 
view would bring the morbid appearances into the closest possible 
relation with their physiological prototype ; for we know that it 
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^Hu tins very eort of medulla whicli is first procluc(>d during the 

" phyaiological enlargenieiit of the medullary cavity, and which 

is perhaps converted afterwards into the "oily marrow," Its 

minute structure also leodB support to thiB analogy. In eitlier 

case we have a gronulalion-tisaue composed of small cells and 

abundantly permeated by capillaries. Notwithstanding all this, 

however, I think more stress ought t« be laid on the iu- 

fismmatory character of the whole metamorphosis. Fungating 

ostitis is attended throughout its entire course by a very active 

hypenemia of the medulla. This is aaaouiated with u prolifera- 

^^tion of the medullary parenchyma, causing a direct increase in 

^^Ute bulk, and that at the expense of the compact tissue. The 

^^■pells of the oily marrow part with their oil ; they divide re- 

^Hfieatedlj ; and this is the point at which we are able to put our 

finger on the intenuil and thoroughly heterologous growth of 

the marrow. 

But its outward growth, the advaace of the medullary 
cylinder against the bone-tissue, must now be looked at from its 
poaitivo rather than from its negative side. The surface of the 
cylinder is studded with fungous granulations which bore their 
way into the bone in all directions, detach and perforate the 
cartilage, and finally, when they have reached the surface, 
spread out in exuberant masses of fungoid proliferation. This 
independent, unbridled outgrowth of the meduUu, contrasts some- 
what with the modest functions of a stop-gap, to which it is 
re8trict«d in the course of physiological rarefaction, and de- 
rves accordingly to be specially characterised as an " inflam- 
latory" phenomenon. 
§ 645. Suppurative inflammation is met with partly in the 
D localities as the non- suppurative forms, partly on the free 
irfaces which enclose the joints. Suppuration of the perios- 
a and the medulla represents on exuberant over-production 
i those young cells which constitute the inner, osteoplastic layer 
f the penosteum, and the tissue of the medullary granulations. 
!lie result is the same in either ca«e ; a liquefaction of the 
iffected tissue, and a more or less abundant accumulation of 
ms. Pus-formation on the articular surfaces must be looked at 
1 an essentially diflerent point of view. The articular cavity 
is an interstice in the connective tissue for purposes of move- 
ment (§ 265, ct teqq.) ; as such, it is related to the serous sacs ; 
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on the other hand, the structure of the synovial membrane recalls 
that of a mucous membrane by its thick stratum of ccmiiectiTe 
tissue and double coat of epithelium. Pathological^ and more 
especially inflammatory changes, reflect this hybrid character in 
some degree ; for we find the synovial membranes yielding sero- 
fibrinous exudations like those on serous surfaces, and catarrhal 
purulent secretions like those on mucous membranes. The 
serous and sero-fibrinous transudations {Hydrarthrua) as well as 
the purely fibrinous exudations {Arthromeningitis cruposa) ctht 
no features of histological interest. Suppurative inflammatioii 
of the synovial membrane {ArthromeningiUs purulenta) according 
to Volkmann's views, which I adopt, is, at least in its earlier 
stages, an acute purulent catarrh, a blennorrhoea of the joint 
After the normal epithelium-cells have been shed, the connective 
tissue ftimishes masses of pus-corpuscles, without any break in 
the continuity of the surface ; these render the pellucid contents 
of the joint turbid, and gradually convert them into a ihickiah 
pus, rendered viscid by the admixture of synovia. As the 
disease progresses, matters take a turn for the worse, owing to 
the irritation of the articidar cartilages by the stagnant and 
therefore in one sense decomposing pus ; this irritation causes a 
superficial ulceration, which may destroy the cartilage layer by 
layer, and then invade the bone itself. The disintegration of Hbe 
cartilage in these cases is due to a process beginning with a 
fissiparous multiplication of its cells, and ending in a total diaso- 
lution'of cells and intercellular substance alike. Vertical sections 
through the cartilage exhibit the earliest signs of nuclear and 
corpuscular fission in about the tenth or twelfth layer of cells 
coimting from the surface. The first steps in the process are 
identical with those which usher in simple overgrowth of carti- 
lage ; we find groups of from four to ten elements, which still 
retain the distinctive character of cartilage-cells, and are enclosed 
in a common capsule. Nearer the surface the cartilage-cavities 
are much dilated, the capsules grow less and less distinct, and 
the cartilage-cells are replaced by ordinary pus-cells. The 
basis-substance has meanwhile become finely-granular and 
cloudy ; towards the surface it wastes progressively away and 
finally melts into the contents of the joint. This complete lique- 
faction of the matrix naturally lays open those cartilage- 
cavities which are most superficial. The pus-corpnsdesy most of 
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I 'Which have degenerated into futty or fatty-granular debris, 
iHiiiigle with the pus already collected in the joint; a semi- 
l^arcular erosion of the free border remains for some time longer ; 
I told with it, the last vestige of tho cartilage disappears. 

We have no ground for refusing the name of true ulceration 
to this form of disease. The terras "softening" or "macera- 
tion " of the cartilage, which are preferred by many writers, 
only expreaa one part of the change, and take no account of the 
€Fvident activity of the corpuscular (elements. The ulcer preacntj; 
itself to the naked eye as a sharply-defined, and usually vei-j* 
shallow excavation — as a superficial erosion — commonly situated 
irhere the opposed surfaces are in contact with each other, but 
hich gradually spreads over the entire articular surfece, and, 
I already stated, increases in depth by involving successive 
'8 of the tissue. 

§ 646. I have already said that suppuration introduces an 
ment of peculiar danger into the course of inflammations of 
This is chiefly due to the circumstance that the structure 
f the hones does not yield readily to expansile forces. Suppu- 
1, however, like all changes attended by an over-production 
of corpuscular elements, demands apace, and sometimes a great 
deal of space ; and the mechanical force exerted by the repeated 
division and multiplication of the cells is too great to be resisted 
J the tension of the blood in the vessels, when the two forces 
i opposed to each other in a confined space which is at once 
idequate and incapable of expansion. In this way, i.e. by 
joeezing and tearing the vessels, suppuration gives rise to the 
lost manifold and profound disturbances of nutrition, which, 
I far us the bone-tissue is concerned, are all included under 
The bone dies, now in small, now in larger portions ; 
Bie sequestra, as foreign bodies, require a fresh inflanmiatioD for 
heir removal. This, however, accomplishes the desired result 
Mt slowly, if at all ; for the continuity of the compact tissue 
1 only be dissolved very gradimlly. Hence the interminable 
JOurse of all inflammatory diseases of the bones and joints when 
BHppuration has once set in. 

Having thus reviewed the more important of the textural 
changes which attend inflammation of the bones, we will now 
endeavour to tnico its consequences in a few examples selected 
fbr their frequency and illustrative character. 
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b. The individual forms of Inflammation. 

1. Traumatic Inflamniatian, 

§ 647. The great solidity of the skeleton is meant to f»^tect 
the organism from external violence. Many a blow and push is 
broken by the bones of the craniimi and the extremities, which, 
but for their interposition, would have destroyed or damaged the 
most vital organs. But this very fimction renders the bones 
peculiarly liable to woimds and fractures which demand the 
utmost care of the surgeon, owing to the great importance of 
restoring their interrupted continuity. Does nature help his 
efforts P It would almost seem as though she did, when we 
see how any injury to a bone, in its capacity as an inflam- 
matory irritant, sets a whole train of textural changes on foot, 
with a view to the reunion of the separated parts. A few ex- 
amples will serve to place this clearly before the reader. For 
purposes of illustration I choose a case of fracture of the thigh- 
bone with longitudinal displacement, such as often comes under 
the surgeon's notice. 

§ 648. Suppose the femur of a well-nourished adult fractured 
obliquely in its middle third. The line of fracture trends from 
below upwards and outwards. The lower fragment is displaced 
upwards to the extent of one inch ; the upper fragment to the 
same extent downwards; and both are fixed in this abnormal 
position by the contraction of the powerftd muscles which sur- 
roimd them on every side. The medullary cavity is laid open in 
each of the broken ends ; nimierous vessels, among others a large 
branch of the nutrient artery, are torn across ; in consequence 
of this, a fresh blood-clot fills up whatever gaps there may be 
between the fractured surfaces and the neighbouring soft parts. 
Periosteimi and medulla are partly crushed, partly twisted and 
detached. They respond to the violent stimulus by the imme- 
diate onset of an ossifying ostitis and periostitis. 

§ 649. The ossifying periostitis, in a few weeks' time, fiir- 
nishes a layer of osteoid tissue from 4 to 6 lines thick, which 
is known as callus or callm^cartilage (§ 139). The proliferation 
is most active at the edges of the fractured bones, extending 
from 2 to 3 inches in either direction, and sloping gradually 
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ito the level of the normal bono. Where the fragments overlap 
esch other, and their respective periosteal coA-orings are in con- 
tact, the periosteal proliferations coalesce to form a single mosa ; 
this undoubtedly solves the main problem of repair; for the 
osteoid tissue need only be converted into true bone, to make 
the union, already intimate though weak, durable and firm. 
This ossification, however, requires rather a longtime for its com- 
pletion (from four to five months). It begins at the periphery, 
where the inflammatory irritation was least Qctivo, and spreads 
from thence to the fractured surfaces. The resulting bone-tisaue 
is at first very lax and porous ; its bone corpuscles stiU resemble 
the plump cells of the osteoid cartilage; they are large, and 
furnished with only a few short prtjcesses ; the similarity of the 
fandomental tissue to cartilage is often indicated by the remains 
of capsular outlines, like areola?, round the bone- corpuscles. It 
only at a later period that a series of typical bony lamella 
ftre deposited on the inner surface of the mediJlary spaces ; the 
of the latter undergoing progressive diminution, until at 
igth Haversian canals alone remain, and instead of the spong\' 
ilhis-bono, ve have a compact tissue of faultless texture and 
hardness. 

§ 650. The effects of the ossifj-iug ostitis are far less striking ; 
indeed, if wo regard the restoration of a nearly normal bone as 
the final object of the reparative process, it would almost seom 
as though the tendency of the ossifying ostitis were hostile to its 
fulfilment. The restoration of the bone to its normal state in- 
volves the restoration of a continuous mcdidlary cylinder ; but 
here it seems as if each of the fractured ends wanted to close up 
its own account ; for a deposit, first of cartilage, then of bone, 
up both orifices of the medullary cavity — a phenomenon 
rhich appears, at least in fractures unattended with displacement, 
be rather inappropriate. This plug, in the earlier stages of 
development, used to be known us " internal callus," a term 
fhich, from a histological point of view, is unimpeachable. Its 
iversion, first into true Ixuie, then info compact tissue, occurs 
it as in the external variety of cullus. 
§ 651. The following is now the condition of the sent of 
fracture : wo can feel, even through the soft parts, a hard mass of 
considerable size, which is, as a whole, spindle-shaped. On 
section, we come first of all upon a succulent connective tissue. 
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already tough and fibrous in parts, which is continuous vnih the 
periosteum by its inner surfieu^. Next to this is the callusy with 
its irregularly tuberculated surfiEU^e, in a more or less advanced 
stage of ossification. The callus entirely fills the two re-entering 
angles formed by the lower fragment with the upper half of the 
shaft, and by the upper fragment with its lower half, so that the 
transition from the upper to the lower part of the diaphysis is 
operated by an S-shaped bridge of bone. On sawing through 
the seat of injury in the plane of this S, the line of firactiure 
through the compact substance may still be distinctly recognised; 
this condition endures for a long time. Years elapse before 
fungating ostitis breaks through the double layer of compact 
bone which intervenes between the corresponding ends of the 
interrupted medullary cylinder. This is the final step towards 
a restoration of the bone to its former state. The same end is 
served by the peculiar roimding-ofi* of the fractured part after 
the inflammatory irritation has subsided and the excess of peri- 
osteal proliferation, to which the irregularities of the fractured 
part were due, has undergone a secondary absorption. 

§ 652. Matters naturally run a simpler course when dis- 
placement has either not occurred at all, or has been rectified in 
time by surgical interference ; on the other hand, fresh difficulties 
arise when the broken ends are not only displaced, but pulled 
asunder. In the latter case, either union does not occur at 
all (fracture of patella), or what is known as a Mse joint results, 
owing to the independent healing of each of the fragments, 
which comes to oppose a rounded end, often coated with a per- 
sistent residue of osteoid cartilage, to its feUow. It is only 
when the separation is very trifling that a firm union can take 
place. This was long believed to depend on the capacity for 
organisation possessed by the blood, which is undoubtedly ex- 
travasated between the frtictured surfaces during the injury. 
Virchow's investigations have shown, however, that parostasis 
ossfjlcam (§ 640) comes to the rescue and fills up the gap by an 
independent formation of new bone from yoimg connective 
tissue. 

The process of repair after woimds of bone is precisely the 
same as after fracture. In either case, any profound dis- 
turbance of the healing process can only be caused by necrosis 
of pieces of bone of various sizes, whether owing to their having 



KECHOSIS. 2.55 

»n splintered ofi' during the original accident, or because their 
iply of nourishment has been stopped during the subsequent 
mination. This subject will be discussed in the ensuing 
(vectioD. 

2. Neomi^. 
g €53. The complete arrest of nutrition !n a certain, usually 
ncnmscribed portion of bone, is followed by a series of inflam- 
inatorj' changes in its neighbourhood, which finally result in the 
separation and expulsion of the dead from the living tissue. 
The course of these changes is usually determined by the cause 
of the necrosis in each case. In traumatic necrosis, the separa- 
tion of the dead bone is occasionally complete (comminuted 
fractures, &c.} from the first, but the fragment is too deeply 
Bituat«d to allow of its being expelled at once. Suppurative 
periostitis is usually the proximate cause of necrosis even in 
traumatic cases, as it is the £rst and only cause of it in most 
others. Suppurative periostitis culminates, as alreadj' said, in 
an accumulation of pus between the periosteum and the bone. 
No preformed cavity susceptible of dilatation exists in thia 
region ; but, in young and growing bones more especially, the 
"cambium-layer" {M. Schii/tze) of the bone is so soft as hardly to 
offer any resistance to the detachment of the periosteum. Only 
the numerous vessels which pass from the periosteum into the 
cortical layer of the bone ha^"e to be torn across ; and the 
number of vessels thus damaged depends on the intensity of the 
inflammation, i.e. upon the quantity of pus produced. It is to 
this rupture of the vessels that the frequency of superticial 
necrosis after suppurative periostitis is chiefly to be ascribed. 

^^e cause of the entire arrest of vitality in the outer third of 
B compact substance may very plausibly he sought in a direct 
Ettterruption of its blood-supply, which is naturally derived from 
e periosteum. And though necrosis is not by any means an 
BiTariable consequence of suppurative periostitis, wo must not 

rtm that account reject the very obvious causal relation between 
the two phenomena; nay, we ought to ascribe the exceptional 
absence of necrosis to circumstances peculiar to each case, us i'.(j. 
to tlie timely compensation for the arrested circulation through 
" 8 cortical layers, afibrded by the vessels of the medulla. It is 
Illy the puB itself which must be regarded from the first as 
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something outside the pale of the organism, as, in this sense, 
''dead/' Its presence excites a sequestrating inflammation 
both in the periosteum and the bone. The former is very soon 
converted into a pyogenic membrane which shuts off the organ- 
ism from a product which it has itself secreted. A fungating 
ostitis is set up in the bone ; its task is to shut off the organism 
on this side also by a rampart of granulation-tissue. This ostitis 
is fed from the medulla ; it extends into the compact substance 
as fiir as its vessels remain pervious to the blood. Cases occur, 
in which it is developed on the outer surface of the bone, where 
the Haversian canals become dilated, and a number of highly- 
vascular grantdations sprout up and ultimately combine to form 
a continuous layer, which unites with the detached periosteum 
to form a complete lining membrane for the abscess-cavity. 
More conmionly, indeed, the outermost layers of the compact 
substance have been too long cut off from circulation and 
nutrition to allow of their vitality being restored from the 
medidla ; in such cases the fungating ostitis does the work of a 
sequestrating inflammation, detaching the lameUso of dead bone 
and mingling them with the pus which fills the abscess-cavity. 
The dead bone is then termed the " sequestrum," the fungating 
ostitis which separates it, "demarcation." This demarcation 
may require months and years for its completion. During the 
whole of this period the suppuration never ceases; the 
detached periosteum, however, mindfrd of its old function, 
developes a layer of new bone immediately imder the pyogenic 
surface; this layer may in time attain a very considerable 
thickness. The capsule of bone thus produced is called the 
"shell" (Todtenlade) ; it lodges the more or less isolated 
sequestra in its interior. The neighbouring periosteum which 
still adheres to the bone takes part in the process by an ossify- 
ing periostitis. Osteophytes and exostoses of various shapes are 
thus produced to a distance of several inches above and below 
the affected part. All these inflammatory phenomena, £eu* as 
they may extend, disappear as soon as the sequestrum is re- 
moved. Even the shell of new bone shrinks; and as the 
abscess-ca>dty undergoes obliteration, the shell becomes applied 
to the surface of the bone ; the exostoses disappear and the bone 
resumes its normal foim. 
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^g 3. Smi>/r Cxrirx. {C. omji/fu-.) 

% 654. T have already (§ 04-5) described the bi'haviour of 
the cartilages during suppui-ative intlamtnatiou of the joints. 
I traced the couise of the disease as far as the formation of a 

■true ulcer in the cartilage, which, extending in depth by the 
^rogreseive implication of succesBive layers of the tissue, threat- 
ened to destroy the articular covering throughout its entire 
thickness. I broke off at this point so as not to encroach on 
another process, which is usually evolved from the primary 
forms of articular suppuration, but which I had only time to 
pfflnt out in those general introductory observations. I allude 
to simple caries of the bones. 

Caries had at one time a vague and extensive denotation. 

Eberever morbid changes had given rise to an eroded and 
rm-eaten condition of a bone, curies was at once said to exist ; 
that we could speak of syphilitic and cancerous caries, we 
oould designate the destructive effects of aneurismal tumour.s 
apOQ the bones by the word caries, &c. The tendency of the 
^^Breaent day is to limit the term to two forms of tme iJccration 
^^nf bone, one of which is called " simple caries," the other 
^^W fimgatiiig caries." Simple caries corresponds to what, in the 
^^BKin. we call an " indolent ulcer." The surface of a bone ex- 
lubits a loss of substance which gradually increa.w.s in depth, 
but remains shallow upon the whole, and from whose floor small 
quantities of pus, together with shreds of decaying tissue, are 
intinually being thrown off. The pus, and generally, all the 
Bid constituents of the secretion, are derived from the denuded 
(dullary tissue. This, at a certain depth, is in a slate of 
ic proliferation which passes, near the surliico, into an 
accedingly dense corpuscular infiltration. The cells occupy all 
^e pores of the bone-tissue ; thcv leave no room for blood or 
Mood- vessels ; the latter ara compressed, and tinnlly cou- 
rted, together with the cells, into molecular ilvbrU. These 
lot unfrequcntly form a continuous layer upon the surface, 
■[lieing held together only by the still intact trabecular of the 
mgy substance of the bone. This intervention of the bone- 
e in the inflammatory process exerts a positively detrimental 
ice upon its course. It renders the free development of u 
ranulating surface impossible by refusing the necessary space, 
VOL. u. s 
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and allows the cells to choke one another by their own luxu- 
riance ; again^ by its firm connexion with the healthy trabecule 
of the deeper layers, it retains the fetid products of deoom- 
position, which should have been cast off long before, in oontact 
with the ulcerated sur&ce, like a slough, and so gives the whole 
process an indolent and sanious character. 

§ 655. As has been already remarked, the articular ends of 
the bones are the fevourite seat of " simple caries." It sets in 
as soon as the cartQage which coats the articukr surfaoes is 
finally destroyed, and the bare bone is left projecting into liie 
cavity of the joint, which is filled with pus and communicates 
with the air by fistulous passages. The way in which the 
destructive changes are modified by the mutual pressure and 
friction of the opposed surfaces, is highly characteristic. Not 
by an inflammatory sequestration as in fungating caries, but by 
sheer mechanical violence, minute portions of bone-tissue are 
successively detached together with the debris which surround 
them. They may be felt like grains of sand in the thin, sanious 
pus which is secreted by the interior of the joint. The destruc* 
tive process which Volkniann very aptly calls ''molecular 
necrosis," though slow in its progress, nevertheless causes in 
time very extensive losses of substance in the condyles, the 
acetabulum, &c., followed by marked shortening and distortion 
of the limbs. The ulcer is invariably superficial. It is sharply 
circumscribed, and relatively smooth ; the infiltration extends at 
most to a depth of from one-half to one line into the substance 
of the bone. According to S. VoIJcmann, who, in his admirable 
treatise on diseases of the bones, enters very minutely into their 
pathological histologj% the zone of actual infiammation and sup- 
puration is not unfrequently followed by a layer of abnormally 
dense bone-tissue a line thick. It looks as though the bone 
were trying to protect itself by an ossifying ostitis against the 
further spread of the disease. In reality, this sclerosis is due to 
a minor degree of inflammation in the tissues adjoining the 
actual seat of morbid action. 

The non-articular forms of simple caries originate in circum- 
scribed periosteal suppurations ; these are mostly sjrphilitic, and 
are often complicated with gummata. (See below.) 
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4. Funnatiiiij Caries. (C./uiigosa.) 

§ 656. While dmple caries ia essentially on ulcer of bone 
md nothing more, fungating cartes presents us with a far more 
manifold complexity of morbid changes, among which ulceration 
plays only a suboidinatc part, the first place being token by a 
non-Boppurativc inflammation either of an entire bone, or more 
■commonly of the adjoining epiphyses of two bones where they 
unite to form a joint. Fungating caries may perhaps be 
regarded in all cases as a periarticular ostitis ; for the only 
bones which it involves in their entirety are those which, like 
the small bones of the carpus and tarsus, the vertebra;, &c., are 
^^ bounded on several sides by articular and somiiirticulor sur- 
^^LlacGS, and are, moreover, too small to represent more than the 
^^■Cpiphvses of these articulations. On account of its intimate 
^^Honnexion with joints, a connexion which becomes more and 
^^■more marked as the diHcase progresses, fimgatiug caries is 
^B^ewod by most surgeons as a chronic articular inflammation. 
^Fl agree with Voikmaim in regarding the joint as merely the 
local centre of the morbid changes, and in seeking for their 
atarting-point, as already stated, not on the articular mirfaces, 
bat in the deeper parts of the parenchyma of the various struc- 
s which make up the joint, especially the bones, 
A ^gating ostitis, such as that described in § 642, invades 
'. the lower epiphysis of the femur and the upper epiphysis of 
Itbe tibia simultaneously. The hypertcmic medulla swells, the 
p trabecnla; of the cancellous tissue melt gradually away, 
jlrhile the compact substance of the cortex, though thinned, is 
Ifivor too thin to maintain the natural form of the epiphysis and 
e sort of cxtemid consistency. The growth of the 
loduUa takes the direction of the articular surface from the 
rst. The medullary spaces and Haversian canals which imme- 
iatfily underlie the cartilage open out — if we maj' use this 
—the exuberant granulationa of the medulla protrude from 
and soon form a continuous layer, intercalated between 
the cartilage and the bone (fig. 177. Ii). The cartilage, accord- 
ingly, is somewhat raised from the surface of the hone. The 
tent of this separation, i j*. the thickness of the pad of granu- 
lations, may tmiount to nearly one line. 
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It is obvious that so considoraLle an iiiflammafoiy movemen! 
ill the ]>arts immediately Lcncath the cartilage, and from which 
it derives its i)ul)iilimi, cannot take place without affecting the 
nutr to of he a t luge tse f The lot or s bet er nour shed — 
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lionever, is most detrimental to the specific nature of the tissue. 

which grddiinlly ceases to exist as cartilage ; though its corpus- 
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L'lements may continuo to be represented by a numerous 
t degenerate progeny- To the naked eye, a vertieal seetiim 
gives the idea that the cartilage is being penetrated by the 
granidations springing from the bone. The microscope cori-ects 
" 'a impreBsion ; it shows that the cartilage takes an active shai'e 
J|l the task of its own destruction. Fig. 177 is meant to ehici- 
lite the process. The zone marked « contains the last remnants 
Ban articular cartilage which is fast disappearing. To the left, 
■&w normal cartilage- c^-IIm nrc still to be seen, distributed at 
) proper iutervula thi-ough a hyaline matrix. More to the 
Rght, we see the matrix undergoing' rareiaction along those lineN 
which run most dii-ectly from one cartilage-cavity to another. 
These obviously coincide n-ith tlie i>ath taken by the nutrient 
fluid in the intermediate form of phy.siological nutrition. The 
increased work thus throivn upon them leads to a sort of gradual 
softening, a rarefaction, which ultimately results in the develop- 
ment of a complete canalicular netw'ork throughout the cartilage. 
Shortly before the canals are finally opened, the cartilage- cavities 
become enlarged along the said lines; and it can easily be 
lown that at this stage, bcfoi-e any immigration of amoeboid 
B from the granulation-tisi^uc can possibly have occurred, the 
e-cell.'i are in a state of tissipareus mid ti plication. The 
nltiiig elements are umch smaller than the parent-cells ; the 
contents of the cartilage-cavities, even before they come into 
direct contact with the granulation- tissue, are quJto like the 
latt«r in structure. So that when the remains of the intervening 
matrix ultimately disappear, the proliferated cells of the cartilage 
are simply added on to the existing t«xture of the granulation- 
tissue. The canaliculi continue to enlarge at the expense of the 
matrix. Capillarj' loops burrow into them and strive to unite 
with the vessels which penetrate into the tissue from above. 

g 657. AVhile the cartilage is being jiermeated in this way 
from below, a precisely similar disorder has been extending in 
the opposite direction, i'rom above. It wa-s not without intention 
that I laid stress on the implication of other periarticular 
tleincnts besides the bones in the inflammatorj- process. Among 
them we have, first the synovial membrane, then the sub- 
^jwnovial connective tissue, the ligaments, and finally all 
^^Ba connective tissue which is in direct continuity with that 

tzz 
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hyperplastic state of the synovial membrane, which need not by 
any means be associated from the first with suppuration {Caries 
sicca), becomes concentrated in the delicate, usually somewhat 
overlapping fringe with which the synovial membrane girdles 
the cartilage. Starting fix)m this fringe, a membrane of young 
connective tissue overspreads the cartilage from its edges. Like 
a thin, highly vascular veil, it lies at first upon the sur&ce of the 
cartilage, whose white colour still shines through it. Gradually 
however, the most superficial layers of the cartilage take part in 
the inflammatory clumge ; the cells multiply ; the capsules open ; 
and the young connective tissue, with its vessels, forces its way 
in on every side. The texture of the cartilage is accordingly 
broken up from this as well as from the opposite side. Finally 
the ascending growth meets that which is advancing downwards ; 
the two coalesce and the cartilage is perforated. 

When once this has occurred at a sufficient niimber of points, 
the granulations sprouting from the bone obtain the upper hand; 
fungoid vegetations of no great thickness spread horizontally 
without check ; they entirely invest the cartilage and conceal it, 
so that the articular surface comes to be entirely made up of a 
mass of granulations, even though some considerable remnants 
of cartilage may still exist beneath it. 

§ 658. The matter may end here. There are cases of 
fimgating arthritis — and these cases, thanks to the timely dia- 
gnosis and rational treatment of modem surgery, are more nxmie- 
rous from year to year — in which the stage of suppuration is 
never reached, in which the granulations recede and the mobility 
of the joint is preserved. Indeed, granulations springing from 
bone, even when they form part of an artictdar sur&ce, do not 
necessarily secrete much pus. Even in their texture they are 
rather analogous to the permanent formations of connective 
tissue, and especially to the so-called adenoid tissue of the 
lymphatic follicles and the alimentary mucous membrane ; and 
this may account for their limited tendency to secrete pus from 
their surface (§ 105). 

ThLs shows clearly enough how everything depends on the 
time, manner and locality of the suppurative complication. It 
must be admitted broadly, that all the aflected parts are extraor- 
dinarily predisposed to suppuration. First, pus may form and 
accimiulate in considerable quantity in the cavity of ^e joint, at 




I 
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I. may stage of the disorder. Indeed the disease may begin as a 
purulent arthritis, its true nature unl'olding itself at a later 
period m a iungoid degeneration of tlie deeper parta of the joint. 
In this case the sjiiovial surlace becomeH coated with spongy 

Igmnultttioud which unite to form a continuous layer. Should 
the pua make ite way out, the resulting sinuaes (fistulous 
passages) are soon lined with fungoid granulations also ; the 
same thing happens when ahscesses form in the neighbourhood 
of the joint, burst, and persist as blind fistulic for an indefinite 
time. As a rule, only a few of the many openings in the over- 
lying skin communicate with the interior of the joint; nay, 
the articular cavity may not be opened into at all, the sinuses 
all ending ccncally. 

In fine, the occurrence of periarticular ubncesses implies an 
I inflammatory infiltration of all the connective tissue about the 
1 joint ; tt complication which is invariably present when the 
1 disease ia of long etanding. It presents an exquisitely hj-per- 
I plastic character. The coanective tissue degenerates into a firm, 
I white, fibroid mass of relatively large, nay, even of colossal 
I dimensions ; a mass which comes ultimately to resemble an in- 
T dependent tumour, stretching the skin all round the joint, and 
I shining through it with a. whitish In.stre {Tumor tilbiu). lloro 
[ and there, the inflammation runs exceptionally high; thiscuuscs 
I suppuration ; an abscess forms in the way described above ; it 
I usually opens externally, and simulates a iistulous passage com- 
municating with the joint. 

Finally, suppuration is ospcctolly prone to occur within the 
substance of the inflamed hone itself. This, caries proper, 

■ usually starts from the articular suriace by a suppurative dis- 
integration of the granulations, and spreads rapidly in depth 
through the entire thickness of the epiphysis. On section, we 
find yellow streaks and dots irregularly scattered through the 
congested medulla. The more luxuriant the antecedent pro- 
liferation, the more rapid and complete the anhsequent disor- 
ganisation. The trabecular structure of the hone is so much 
thinned that a probe can be pushed through it from side to side 
without meeting any notable resistance. The secretion which 

Ionzes from the fistula communicating with the joint assumes 
more of a sanious character, and contains numerous fragments 
of bone-tiasae, in which traces of antecedent rarefaction are 
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distiitcily manifest (fig. 176). The oorpuscles of carious bone 
have repeatedly been found distended witb oily matter. Ranvier 
(Archives de Phyaiologie uormale et pathologique, Janvier, 
1868, p. 69) dietis^uishee two stages in the death of the bone- 
tissue. During the first, the corpuscles present the phenomena 
of fatty degeneration ; in the second, the actual death of the 
individual trabeculee ensues. Why should we not admit this 
view, even though we cannot agree with ite respected author in 




Caries fungiisa. Detached fragment from the cimcellous tissue of 
an epiphysis whieh is nndei^^ing HuppuratioD ; exhibiU How- 
ship'R lacuiicc and fattily degenerated bone- corpuscles, j^. 

regarding the death of the bone-tissue as the pirot of the whole 
disorder, and the inflammation as an accessory phenomenon P 

It would lead me too far, were I to describe the extensive 
lesions to which fungating caries may give rise in the skeleton. 
Not unfrcqucntly, all the small bones of the carpus or tarsus, 
including the adjacent bones of the arm or leg, are diseased ; 
the " white swelling " attains the size of a man's head ; and 
the surgeon has to resort to amputation as a lost chance of 
saving the patient's life. 

g 659. As regards the cure of the inflammation, we may 
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cherish hopes of it (apart from that early arrest which is alluded 
to in § 658) in cases where the articular surfaces are early 
involved in the process ; for the cavity of the joint is then 
speedily filled up with granulations, and the surgeon may be 
able to moderate the general violence of the inflammation by 
derivation to the skin. In this way the articular cavity may 
sometimes be quite obliterated; the masses of granulations 
uniting from every side, and becoming converted into fibrous 
cords. The mobility of the joint is at an end ; but even this 
drawback may be subsequently counteracted by the recently 
adopted practice of forcible extension. 

§ 660. Scrofulous caries of the vertebral colimm is, in 
my opinion, a mere variety of fungating caries. Here, too, we 
have a Amgating ostitis. It afiects the cancellous tissue of the 
vertebral centra; if we examine these in section, we find 
roundish cavities, more or less confluent, amid the network of 
bony trabeculae, filled with a perfectly soft, pale red, jelly-like 
substance. This substance also extends into the adjoining 
medullary spaces which are obviously undergoing dilatation, and 
may be simmiarily recognised as hyperplastic medullary tissue. 
Most striking is the deficient evolution of a truly inflammatory 
hyperajmia. Can it be that this does not occur at all ? I prefer 
to believe that the early occurrence of an oedema or mucous 
softening of the young connective tissue compresses the blood- 
vessels and so gives rise to anaemia and further nutritive dis- 
turbances. These consist of a cheesy metamorphosis beginning 
in the interior of the mass of granulations and gradually extend- 
ing from this point in all directions. The " crude tubercles " 
(§ 33) which appear in the interior of the bodies of the vertebra?, 
must naturally have impressed the unaided eyes of the older 
observers more forcibly than the insignificant pale-grey infiltra- 
tion which surroimds them ; hence it is that down to the present 
day, the process has been called " tubcrcidous." Of course it 
cannot be denied that it may lead to tubercidosis — I mean to 
constitutional miliary tuberculosis — but it does this only in its 
quality of " caseous" inflammation, rather seldom, and only in 
the case of children. 

The further course of the disease justifies us in calling it a 
" caries." The cheesy deposits, chiefly situated in the anterior 
half of the bodies of the vertebne^ soften and melt into a pus- 
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Eke ffoid; tbsi aeeks aod fiuLi aiL ianK inr jtfijuiing off Ae 
pf»rk»teimk amd the kngxIiidiBal IfjBifunite of Ae icHkIkaI 
tfAaaxm, hi frost of whidi it ircaraaloxes snd ^kii gfrniilalcs 
dcyirxKwaziAa. Of eovne, all the p«i witLch. is nlhiilrl w wided 
at mjmt fOBOte pooit, «^. a;t Poiipazt*s HgaaKBt, b 
fndnct ni the TcrtebTal caries ; nost of it resahs homt 
■ntkm of the memfannes, pcrioisteiiiB. teaAms mnd hsam wikmg 
wiuA the afaaeeat haft bm i upwi its war doirawardsL 

$ 661. A stiikzzig' £Kt, aad one whidft miEtates e^ieoalljr 
agamaft tbebrficf thait frngactrng- caries igprimmlT an In fljimina 
ticA of the joints, is that the int eiitatchia l didsv wliidi are 
jastlT held to be imp^fect jomts, other ^^ 
changes estifeljy or beeomeinTidTed at a relatiT^ late alage in 
tfaedifieaae. They are asoaDjr destroyed hgr snppmatian from 
without, addom hy a penetration oi Ae fimgtMd granolations 
from the mfdnlla into their sobstanee. Xol so with die artica- 
latkns be i w e e n the trans¥er9e proeesBes and die capitnia i)f the 
ribs, whieh, once within the inflamed regkm, take part in Ae 
process by an ordinary fimgating caries. The su pp mmli fe dis- 
organisation of the joints, perfect or imperfect, is rfthe highest 
dinicaJ interest, inasmuch as it rdaxes the nni<Mi bet w een die 
irertebne, and facilitates those dangerous disfdacemcnts, of 
which I need only mention Pott's c nriature , and the ahnost 
inrariaUy &tal Inxation of the athis — of the deti9 lywli ' iy fe i — 
against the spinal cord. 
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Abthkitis deporkaks. 



$ G62. This disease is also known mider the name of maivw 
senile ariiculorum, because it usually affects persons adTanoed in 
life, or actually old. The process is essentially one of those 
lingering inflammations which accompany the decay q[ the 
organism, like the atheromatous disease of the internal coat of 
tlie arteries with which we are already familiar. The inflam- 
matory irritation of the articular surfisices is not powerfiil enough 
to cause suppuration ; it only sets up a hyperplastic ov e rgr owth , 
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1 which all the constituents of the joints, the cartilages, and 
le syno^Tal membrane, t«ke an equal part. The synoyial 
membrane produces a number of pedunculated, fatty polypi of 
considerable size, and a quantity of finer dendritic vegetations, 
Tilli and fringes, which give the surface a peculiar roughness, 
aptly compared by Volknianu to that of a sheepskin. The 
cartilage undergoes a perfectly homologous proliferation, like 
that in rickets {see % 79}. This begins in the outermost, the 

j moat superficial layers of the tissue, and gradually extends in 

I depth. The cells divide ; the usual groups of from eight to 
twentj' largish elements are produced, between which, should 
nothing inteiTupt the course of their development, the remains 
of the matrix grow more and more narrow, the final result being 
a tissue made up of colls, or, if the term be preferred, of very 

I largo vesicles; its consistency being maintained only by the 
BJmultaneously enlarged capsules — the only remnant of the 
former matrix. We hare already seen {e.j/. in rickets) how 

I utterly unfit this texture is to withstand the mechanical forces 
which act upon the skeleton. No wonder, therefore, that it is 

I broken down and destroyed at those points of the articular 

I surface which are subjected to the most active friction upon one 
another during the movenientB of the joint, and which, when the 
joint is at rest, are exposed to the mutual pressure of the 
Opposed surfaces. The overgrowth nuiintaius its ground only 
at the edges of the cartilage. Here, the level of the surface 
rises, and this not uniformly, as might have boon expected, but 
in the form of a tubercululcd efflorescence, i.e. of a number of 
ecchondroses fused into a solid ring. For the structure of this 
orescence, and the mode in which the cartilages break down 
at their point of contact (fig. 179), I must refer the reader to 
the descriptions already given in (i§ 79 and 41. Wc will now 
devote our attention to the unavoidable results of this peculiar 

I combination of formutivi- and destructive changes. 

§ 663. The annexed woodcut {fig. 180) represents an imagi- 
nary section through an affected joint ; it shows the coarser 
features both of the peripheric overgrowth (r) and the central 
softening of the cartilage. The dotted lines (6 b) indicate the 
^^ normal outlines of the latter. The articular surface a is still 
^^L owted with a thin laj'er of cartilage, fibrillatcd on its surface, 
^^Hvhile the oppo^te cartilage has been worn down to the bone, 
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tho latter being laid bore in two places. The disease is not 
usually compIicBted by caries of the denuded bone. On tbe 
contrary, the bone shows u tendency to protect its medoUaiy 
spaces, towards the articular cavity, by an ossifying ostitis; 
so that t« the naked eye, it appears to be coated with a smootli, 
white plate of exceedingly dense bone. This plate usually 
presents evident marks of the mechanical violence to which it 
has been exposed. The irregidarifiea of the one sur&ce chaiind 
corresponding grooves on the other (Schlifflachen). And the 
matter does not rest here. A new fiictor, of the utmost impor- 
toncc for the further course of the disease, steps in. The brittle 




ArlhrtisdtfHu uw \ cH «1 sea oi fhroutli an articular cnrtildge 
h cl IB break ng u] on tl e b rface ,4^ 

lionc-tissuo is as incapable of resistmg the continued rubbing 
iind cburnation to which it is subjected, as two pieces of pumice- 
stone when rubbed together. The bone is gradually worn down, 
and the most extreme distortion of the joint becomes possible! 
Entire epiphyses graduaUy disappear ; the neck of the femur is 
iibKorbed, and though we still find a head projecting from that 
bone below the trochanter, this is not the old head, but really a 
cast of the acetabulum, whose centre consists of a remnant of 
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the neck, while its circumference is formed by the peripheric 
efflorescence already alluded to, which has become calcified in 
the meantime. It is an interesting circumstance that the latter 
should continue to retain its original activitj' during the whole 
course of the disease, which may last for years. As sho^^^l in 
fig. 180, it actually bulges over the edge of the articular surface, 
because it cannot find room to grow between the opposed end^ 
of the mutually destructive bones. It overlaps the edge and 
spreads downwards along the outer surface of the bone, pushing 
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Scctmi if knee joint (semi-iiiinrii i int ii I s-iiih: 

II L(»er epiplijsis of femui b Tlie former outliiiP* 
f IliL inrti!%e ( M ir^inal jiroliferations ' Polishiil 

the capsule of the joint before it, and jamming it between itself 
and the periosteum. Its plasticitj' readily enables it, in such 
cases as that just referred to, to fill up the annular depression 
which is left between the truncated neck of the femur and the 
spheroidal surface of the acetabulum. A vertical section at once 
reveals the true nature of the spurious articular bead. 

The hip-joint is the favourite seat of atihriih deforimm. 
Next in order of frequency come the stemo-clavicular joint, 
the knee, and the interphalangeal joints of the hands and feet. 
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Arthritis ceatica. 

I 664. The presence of an exoeas of uric acid in the Uood 
is tho chemical ezpresaion of a constitational diseaae of whoaa 
eaaential nature we are still ignorant, viz. gout ; it leads tD &e 
abnormal precipitation of iirates in various parts of the body ; 
among others in the interior of the jointa, and in the parenchyma 




ArthhtiB imtica. Tertical aection through an articulu' carti- 
lage infiltrated superficiallj with urat« of lime. a. The 
surface i b. Cartilage-cavities with tufts of CTjstals ; c Oar- 
tilage-cells not yet infiltrated, undergoing divinon ; d. Iso- 
lated needle-shaped ciyatals in the basis-substauce. After 
Comil and BanvUr. 

of the cartilages, bones, and membranes vrhich enclose the joints. 
From a histological point of view, this infiltration of the solids 
of the body with uric acid ia quite analogous to their infiltration 
with earthy salta, amyloid matter, oil, or pigment ; but as it 
only occura in gout, I refrained from discussing it in the General 
Part of this work. 
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The form which the uric-acid infiltration takes in cartilage 
is most worthy of notice. The cartilage-cells are the chief de- 
positaries of the urates of soda and lime. They form the centres 
of the stellate bundles of crystals by which the tissue is per- 
meated. I don't wish to say that the cells take any active part 
in the morbid process ; the salts are first deposited where there 
is most room for them, so. in the cartilage-cayities ; in any case, 
however, the appearance of the infiltration under the microscope 
is highly characteristic (fig. 181). In the ligaments about the 
affected joint, and in the medulla of the bones, the crystalline 
tufts are distributed without any reference to the texture of the 
parts. They form actual nodules as big as a pea and bigger, 
whose aspect leads us involuntarily to inquire how space can 
have been found for so bulky a deposit. 

The uric-acid infiltration naturally irritates the affected parts 
both chemically and mechanically. It commonly gives rise to 
chronic congestion of the synovial membrane and the periarti- 
cular connective tissue, with intercurrent paroxysms of acute 
inflammatory oedema-and finaUy to true suppurations, which 
may either be superficial, or more profound and leading to caries. 



APPENDIX ni. 

MOLUTIES OSSIUM. 

§ 665. The term osteomalacia {mollities ossium) has very 
aptly been conferred on a disease, whose chief and almost only 
anatomical characteristic is a decalcification and gradual lique- 
fieustion of the bone-tissue — of that to which the bone owes its 
solidity, Mollities ossiimi has been viewed as a disturbance in 
the chemistry of nutrition ; as an inflammation ; with more show 
of justice, as a result of venous hypersomia, or as a premature 
old age of the skeleton ; in a word, its etiology is still unknown. 
Hence we will do well to begin with an impartial description of 
its anatomy, before assigning it any place in our nosological 
system. 

§ 666. As I have just observed, mollities ossium consists 
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essentially of a softeaing of the bone-tissue. If we break off a 
minute trabecula from the concellou-s texture of a bone affected 
unth this disease, and after soaking it in carmine, examine it 
mider a magnifying power of 300 diameters, we find a highly 
characteristic set of appearances (fig. 182). The trabecula is 
seen to consist of two different substances ; it exbibits two yctv 
distinct zones, an outer one, Ij'ing next to the medullary qmces 
(rf), and the HaTCrsian canals (c), and an inner one which forms 
the axis of the trabecula. The inner zone consists of perfectly 




Jlollities osdiuni. Splinter of bone from the sponfp- sulmtance 
of on affected rib. a. Normal bone-tissue ; h. Decalcified 
bone-tiiHue ; r. HavetHian canal ; d. Medullary spaces ; 
d*. A mediillury space filled with red niarrow. The capil- 
lary vessels art: gaping widely, jjj, 

normal bone-tissue ; the corpuscles, with their countless anasto- 
mosing prolongations, the highly refracting, colourless basis- 
substance, are unaltered. The outer layer, on the other hand 
(It), exhibits a finely-striated basis-subetance, deeply stained with 
carmine, in which only a few scattered streaks of shadow indi- 
cate the former position of the bone- corpuscles. Of their pro- 
cesses not a vestige remains ; it seems, rather, as if a swelling of 
the intercellular substance were engaged in obliterating all the 
locunsc together with their canaliculi. The alterations remind 
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1 too forcibly of those wLicli the bone-tissue presents wben 
Jted in hydrochloric acid, to leave us in doubt for one 
lomont, that a process of decalcification {halisteresis, Frci/] 
i taking place in the present instance. It attacks each of the 
mbecida; from without inwards ; we can trace every step 
r its advance by the sharp line of demarcation between the 
lonnal tissue and that which has already parted with itn 
■ earthy salts. It is interesting to note that this line docs not run 
parallel with the external contour of the trabecidn, but exhibits 
the same sort of semicircular excavations aa those which wc 
found where bone-tis,«ue was being absorbed in inflammation, 
caries, &c. (Howship's lacimfc). Hence we conclude that the 
removal of the earthy matter proceeds more rapidly in some 
directions than in others, and that How.«hip's lacunic originate 
in this unequal progress of the decalcification. Now if, with all 
these facts and inferences before us, we endeavour to frame some 
general theory of the process, I believe that many of ray readers 

tjrill agree with me in thinking that the bone-tissue is deprived 
bf its earthy salts bj' some acid contained iji the medullary spaces 
ind Haversian canals. The close resemblance of the outer zone 
of the trahecula to bone-ti.isue which has been artificially freed 
from its salts by acids, argues in favour of this hypothesis ; 
moreover we can easily conceive how an acid, starting from the 
medullary canals, should penetrate with varying rapidity into ii 
tissue which is not uniformly permeable, but is traversed by 
vonatieuli ; the rapidity being projjortioiial to the \ridth and 
jiunibcr of these channels. 

§ 667. Decalcification is the first stage of mollities ossiuui. 
?ond follows some time afterwards ; it consists in the 
iblntion of the decjilcificd bonc-tissuc. This also spreads from 
BllO medullary spaces towards the axis of tbe trabecuhc. The 
Tatter endure for a while as Ijone-carfilage : they then grow 
sadily thinner towards their middle, until at length they melt 
y and disappear. The resulting product, a mucoid substance 
_ r which nothing more is known, mingles with the contents of 
the medullary spaces ; a part of it may continue to exist as the 
intercellular substance of the proliferated medullary tissue. 

S 068. How well the process just described is adapted, by 
gradually enlarging the Haversian canals, to convert the com- 
pact substance into spongy bone, and this again info a cavity 

VOL. II. t 
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wifliout any osseous trabeculsD, is obvious enough. To get a just 
idea of the coarser appearances in moUities ossiom, we must bear 
in mind that the liquefisustion of the bone invariably proceeds 
from within outwards. Accordingly it is the medullary cavity 
which first undergoes enlargement ; in the long bones, it extends 
from the diaphysis into both epiphyses, while in those bones 
which are naturally devoid of a medullary cavity, such cavities 
are developed ; the compact tissue of the -cortex becoming as thin 
as cardboard, but never thinner. I have never seen this resi- 
dual lamina disappear; its permanence might, indeed, have been 
anticipated from the &ct that the outermost layer of the bone 
derives its nourishment, not from the medullary cavity, but from 
the periosteum, and must therefore be less affected by a nutri- 
tive disturbance which so obviously sets out from the former. 

I say expressly, " from the medullary cavity;" for I should 
be going a step beyond what is warranted by the facts, were I 
to say " from the medulla." Often indeed has the medulla been 
proclaimed as the seat of all the mischief; its morbid changes, 
however, are susceptible of such manifold interpretations, that it 
is really impossible to foimd any coherent theory of the pathology 
of mollities ossium upon them. The medulla is always found 
loaded with blood in recent cases of the disease. Wherever fat 
has accumulated in any quantity, it gradually disappears; so that 
medullary cavity, medullary spaces, and Haversian canals come 
at last to contain a reddish-brown, semifluid pulp, very like that 
of the spleen. Virchow, in former days at least, was fond of 
insisting on the identity of this red pulp with the nuirrow of 
foetal bone. Personal investigation compels me to oppose this 
view. I have found a highly-corpusculated medullary tissue, 
like that of the foetus, only in one very interesting case of soften- 
ing of the bodies of all the vertebra) in a child five years of 
age. The medulla in this case presented an appearance which 
at once reminded me of the splenic pulp (fig. 182, cP). Its 
cells were closely crowded and embedded in a stroma woven out 
of exceedingly delicate trabecular of connective tissue ; between 
them lay scattered red blood-corpuscles and various particles of 
yellow and brown pigment. The blood-vessels were marked off 
from the parenchyma by a simple outline ; they can hardly be 
said to have possessed a proper wall ; their gaping lumina, like 
gimlet-holes, reminded one of the canals in the splenic pulp. 
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Vainly did I seek for closer analogiics. In all other cases of 
raollities ossium which have come under my notice, the medulla 
may even be said to have contained exceptionally few young 
elements. Kxtravasated blood- corpuscles are often present in 
large number R, masking the tissue into which they have intruded. 
Where these are absent, we see a gelatinous, transparent basia- 
sabstanec. with scattered roundly-polygonal cells of fair size, 
which, were their locality unknown, might readily be taken for 
niiiill epithelial elements. These cells are either altered fat-cells, 
as may be inferred from their occasionally containing a large oil- 
globule, or they arc really elements of recent growth, concerning 
whose origin we are qtiite in the dark. Their scanty number, as 
compared with the amoiuit of basis- substance, does not allow us 

iBsnme any active or iuHannnatorv process of proliferation. 

The state of the parcnchj-ma is thrown quite into the shade 
Ijy the striking dilatation and congestion of the medullary vesaols. 
I ha%*e already alluded to the constant presenc* of parenchymatous 
haimorrhages in this disease. The medulla owes its dark colour 
to this extravasated blood and tlie turgescence of its capillaries. 
I cannot bring myself, however, to regard this congestion as an 
active one. It would bo in contradiction to the atrophic aspect 
of the medulla and the total absence of inflammatory infiltration 
or proliferation. The apiwarances accord far bettor with the 
b^Mtbesis of a passive congestion, approaching the confines of 
etasts, and so, notwithstanding the excess of blood, causing 
malnutrition and ultimately degeneration. I am further in- 
dined to assume that an excess of carbonic acid ia developed by 
"the blood which stagnates in the mednlla, and that this acid may 
Iks the solvent wliich removes the earthy' salts from the bone. 
TThis may be the missing link between the morbid appearances 
presented by the medulla and tho softening of the bone-tissue. 
But even assuming that the causul relation between the passive 
-congestion and the softening of the bones were aueh as I suggest, 
how are we to account for tho congestion itself ? Our knowlcsdgo 
v( the conditions under which the blood circidates in the bones is 
atill very imperfect. It may be that certain morbid changes in 
ike periosteum arc capable of altering tho flow of blood through 
Ihe medulla. The vaso-motor nerves may perhaps be at fault. 
It has been noticed tlmt the pcriosteimi grows thicker in old 
jwople; that it becomes more vascular, and that those vessels in 
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particular^ which pass from the periosteum to the surface of the 
bone, become congested. These changes are associated with a 
peripheric (so-called '^ concentric") liquefaction and absorption 
of the cortical layer of the bone. The sum-total of these changes 
would make an available pendant to that absorption of bone from 
within, which occurs in mollities ossium; and this comparison is 
all the more allowable as we really are acquainted with a senile 
mollities, differing in no essential point from the usual form of 
the disease. May we adopt this view, and regard the mollities 
ossium of yoimg people as a premature senile decay of the 
skeleton ? To this question I cannot venture to return either an 
affirmative or a negative answer ; I prefer to wait, with the 
reader, the results of further investigation. It is worthy of note 
that several observers ( Weber y Mors) have recently succeeded in 
demonstrating the presence of lactic acid in the urine and bones 
of patients afflicted with mollities ossium. According to on older 
observation of C, Schmidt, the contents of fiilly-developed cysts 
due to softening of bone have an acid reaction. Concerning the 
source of this acid nothing more is known ; it may be that we are 
now on the point of solving this difficult problem. 

§ 669. Let us now bestow a glance on the manifold curva- 
tures and fractures to which the skeleton is liable in osteomalacia. 
The disease affects by preference the vertebral column and the 
bones of the pelvis and thorax. The spine is bent into the shape 
of an 3 l>y the weight of the body ; a kyphoscoliosis in the dorsal 
region corresponding to a lordoscoliosis in the loins, while the 
cervical region projects anteriorly at its junction with the dorsal. 
The ribs are bent and broken, partly by the traction of the respi- 
ratory muscles, partly by the weight of the upper limbs ; a line 
of prominent fractures can be seen not far from the heads of the 
ribs ; a second row of fractures is directed inwards in the axillary 
line ; a third series again projects outwards along the parasternal 
line. The arms are thus lodged in trough-shaped hoUows, 
the entire thorax being at the same time thrust forward ; the 
sternum, often fractured at several points, is in a line with the 
chin, which it may even touch. The form of the pelvis is modified 
under the triple influence of the two heads of the thigh-bones 
below and the sacnun above. The promontorj-, and those points 
of the ileo-pectineal line which correspond to the heads of the 
thigh-bones, approach each other ; while the pubic sjTnphvsis,. 
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and tliose points where the iliii arc most sharply curved, iirc 

' thrust outn'anU or forwards. The pelvic inlet la thus mode to 

assumo tho shape of a trefoil, beaked anteriorly. In extreme 

I degrees of this distortion, the true pehHs biirely allows of the free 

I expulsion of the urine imd fsoees; to say nothing of tho passage of 

the f<rtal head. The bonesofthe extremities are usually fractured 

in several places; the fractures being but slowly and imperfectly 

I repaired by the fonnation of callus. Simple curvatures, such as 

ai-e common in rickets, ure rai-e in mollities ossium ; where a 

I bone appears to be bent at an angle, its deformity is usually due 

to fracture, complete oi- partial (§ 6-36), such as wo occasionally 

meet with in rickets. 

S 670. Itecovery from mollitios ossium is so very rare that 
wc can only indulge in sijeculations with i-egard to the anato- 
mical features of the process. I would not positively afiirm that 
I what is known as "cystic dogeiienition " of tho bones is to be 
regarde<l in this light ; but I would suggest, first, that tho 
formation of cj'stic cavities in the medidlary canal represents 
Bn advanced stage in the development of mollitics ossium; 
1 ffccondly, thai tho morbid changes are at an end when this 
I stuge is reached. With i-efei-cnce to tho foi-mer point, I may 
t state that the total liquefaction of the i-cd and pulpy products of 
sofV>ning, which occurs in cii-cum scribed foci, and is tho first 
step towai*ds the development of cysts, may very reasonably 
be viewed as an ulterior consequence of the profound diaturb- 
ance in the nutrition of the diseased bone. Of the details of 
the process we are ignorant ; we only know that it results in the 
production of a clear, watery, highly- albuminous fluid ; traces 
tif tho intense hypencmia of the earlier utage of softening being 
only retained in the yellow ;uid red pigraeutary granules, 
abundantly present in the smaller cysts. The second factor 
in the "cystic degeneration " is the production of a tough, white 
membrane of connective tissue which encloses the fluid and shuts 
it ofl' from the surrounding bono. I have already shon'n (^ 41) 
that the bone-tissue itself is capable of undergoing a fibroid 
metamorphosis, and I do not hesitate to assume that it does so 
in the present instance. The capsule is only furnished with a 
few vessels of small size ; hence those cysts never take on a 
secreting character, but remain unaltered for years. 

Cystic degeneration usually atfccts all those bones of the 
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skeleton which were previoiuBly affected by mollities. The parts- 
spared by the hitter, e.g. the sub-periosteal residue of oompact 
tissue which preserves the outlines, at least, of the bone in its 
papery texture, many of the small bones of the hands and foet^ 
and the entire skull, are also imaffected by cystic degfineratjop, 
The cysts thamselYes are not progressive ; hence their devdop- 
ment in sufficient number coincides with a real arrest of the 
disease. 

•3. Tumours. 

§ 671. In accoi*dance with the programme laid down in 
$ 609, we shall arrange the many tumours of the osseous 
system according as they approach or recede fixmi the type of 
normal ossification. Hence we shall begin with the vaiious 
bony and cartilaginous outgrowths {Exontoses and Hcehoftdrosea); 
next, we shall take the histioid growths and syphilitic forma- 
tions ; and wind up with the carcinomata. 

§ 672. The overgrowths of the mature — so-called " perma- 
nent'' cartilages — arc always partial. They usually set «ut from 
a small, circumscribed spot of the surface, protruding in the 
form of warty — ^and later, of fungoid or poljrpoid growths^ 
(EccHOXDROSis). We sometimes meet with them on the oostal 
cartilages of people advanced in life, where, however, they do 
not reach any great size. In close connexion with them stands 
a group of outgrowths from various synchondroses, and fixm 
the intervertebral disks, which have been specially studied by 
Virchoic ; the most interesting example being the Ecckomlrosis 
sphena-accipitalisy partly bcduise of its position on the middle of 
the clivus Blumenbachiij partly because of its minute structure. 
The tumour is seldom as big as a small cherry, and consists of a 
soft, tremulous jelly, which turns out, on microsoopic examina- 
tion, to be a cartilaginous tissue whose matrix has undergone 
mucous softening, while its corpuscular elements have been 
transformed into large, vesicular cavities (Physalides). 

The occurrence of ecchondroses upon the articular cartilages 
is of more importance. On a former occasion, I described the 
marginal outgrowth of the articular cartilages in arthritis 
deformans. In close connexion with this we have, on the one 
hand, the development of free cartilages in the joints, on the 
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Other, the exostosis cartilaginea. The former are warty oul- 
growtliB from tho articular cartilages (more rarely from the 
eynovial membrane), as big as a pea and biggor, which have 
been luced off; they grow in the same place, ajid consist of the 
same large-celled cartilage-tifisuc, as the senile variety of cc- 
chondrosis. They readily become calcareous and are tboraby 
converted into arthrolithe.^. wliich miiy occasion the most 
eerious aiiuoyimcc to their possessor. 

The dovolopment of the cartUaginous exostosus (iibLUc^xusis 
i(UATiLAoi»B.\) is rather more complicatfld; we give tbia dmdc 
1 nodoUted outgron'ths &om the long bonae, iu the 
ibourhood of the joints, which consist mainly ol' bone, but 

Atniished with a more or less complete investment of curti- 
lage, and occasionally with a distinct synovial membrane. Wc 
follow Virc/tote in assigning their origin to a disturbance in tiie 
dfiwdi^ment of th.e bone. Here, too, on ecehondrosis is the 
<)tBrtii^point of the mischief, but an ecchondrosis of eousider- 
jiAe sise, which may spring, either from the edge of the urticolar 
awrtihtge, or from fiie strip of cartilage between the epiphyai^ 
Mad the diaphysis ; it does aot separate, but continues to grow 
in ;permanent union with the bone, thereby causing tlic latter 
itotinflreasc in size, not merely in the normal, but in a collatemi 
diMotion which is thus determined for it. It is easy tooee how 
such an ecebondrosis, provided it start from the arti«ular B»r&c<^' 
iind not from the lower edge of the epiphj-sis, must at first lie in 
the cavity of the joint itself, then push its way further, lirst into 
a protrusion, then into a recess of tho synovial membrane, and 
finally come to occupy a distinct synovial sac of its own {Enj»- 
losii bumata). 

§ 673. We loam from the oxomplc of cartilaginous exostosis. 
how impracticable it would be to separate the hyperplastic con- 
ditions of cartilage and bone-tissue trom one another. The bone 
increases in sine only because it fallows its parent-tissues in their 
proliferation. These, and not the bone itself, are the really pro- 
ductive elements, the seat of the morbid irritation. This point 
of view must be strictly maintained even whon wc consider the 
BXOsrosKs in tho narrower sense of tho term ; i.e. the circum- 
scribed bony outgrowths from the skeleton. They all depend 
upon some oxcees of the periostoat growth of the bones ; and 
if this circumstance is not indicated in their name, it is ( 
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because the periosteum, in contrast to Its almoBt unlimited osteo* 
plastic poorer, is a very thin, delicate membrane, which strikes 
the eye but little and is easily stripped off. 

The textural changes in the development of exostoses arc, 
saving some subordinate variations, the same as in normal and 
inflammatory bone-growth from the periosteum. The innermost 




Osteophyte. PericKtenl Ixine-fcirmation i 

stag!.'. 



layer of the membrane yields a vascular embryonic tissue. I 
have already described (§ 52) how true bone is evolved from 
this embrj'onic tissue by the deposit of a homogeneous, dense, 
highly-refracting basis-substance, calcification, &G. The newly- 
formed bone is at first extremely porous, and adheres but loosely 
to the old surface of the bone; it is then termed osTEoi'iniK 
(fig. 183) : at a later period, the connexion is more close, und 
then the osteophyte is converted into compact bone-tissue by 
the concentric addition of fresh bony lamellffi to its trabecular. 
1 1 must, however, be noted that this last change may be deferred 
for a long time — may, indeed, not occur at all. 

The " compact " stage is usually followed, just as in noniml 
bone, by a renewed porosity or "sponginesa," as we now call it. 




i Inyci' of boQo-tissuo being dcponited round a miaute, noiluliii- 
i pmtuberanco, without any rci'erence to the vessels or tlieir iuchIc 
t of distribution. This is gradually converted into a warty, poly- 
k poid, cauliflower-like, white und lu-strous formution, which moy 
k tttloiii the size of a man's fist, und nevertheless consist through- 
L utit of compact bonc-lissuc (tig- 184). 
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Tills mode of development undoubtedly recals that of the 
dental cementum ; and the analogy is still more striking in the 
case of those peculiar, small, round and flattened outgrowths 
from the roof of the skull, which look like ivory shirt-studs, 
and have accordingly been termed button-like ExosresBs by 
Virchow. A vertical section through the middle of one of these 
growths (fig. 185) shows that its marbled tracery is due to a 
finely striated substance, containing a bone-corpuscle at rare 
intervals, which sends out extremely long processes in one direc- 
tion only, sc. outwards, and at right angles to the stria). Is not 
this enough to make us recognise the identity of this fundamental 
constituent of the exostosis, whose continuity is only interrupted 
secondarily by the formation of medullary spaces, with the 
cementum of the teeth ? 

§ 674. Among the causes of the periosteal overgrowth of 
bone, inflammatory irritation takes a foremost place, in com- 
parison to the simple, i,e. hitherto unexplained, anomaly of 
development. It is verj' true that the growing bone is espe- 
cially predisposed to these, as to other alterations — ^but advanced 
age and heredity also involve a like predisposition ; and it is onlv 
in a few cases of ivory exostosis that we can regard this predis- 
posing element as the sole cause of the mischief. In the majority 
of cases, some general disease, such as syphilis, rheumatian, or 
rickets, has a part in its causation ; and seeing that these disorders 
are known to excite inflammation of the periosteum very readily, 
we are the less entitled to disregard this latter fact where we see 
the overgrowth caused by an external, mechanical irritant. A 
knock or blow is often assigned as the first cause of an exostosis; 
more than one case of multiple exostosis, developed at the 
points of insertion of the muscles, has been placed on record 
(the last case of the kind by FtroAoir, /.c. ii. 84). This case 
shows, moreover, how closely inflammatory growth, due to ex- 
ternal irritation, and non-inflammatory, normal growth, are 
related to each other. For the normal skeleton also exhibits 
rough projections, corresponding to the insertion of a great 
many muscles — ^projections known in descriptive anatomy as 
cristw, tuhercuUi and eminentim. 

§ 675. While, as we have seen, exostoses and ecohondroses 
only present insignificant deviations from the normal course of 
development in bone and cartilage, the histioid tomoors of the 



skelatou con only bo referred to physiological types by way of 
analogy. We may lay atrees ou their point of origin, vhich may 
be either in tho pcriosteiuu or in the medulla, agreeing in this 
respect with the two modes ot'normol growth; and ivc may ueeord- 
ingly distinguish between centml and i>criph*;ric sarcomata, 
caichoodromata, &c. Further, in all tho poripheric species, we ean 
distioguiah a preliminary stage, during which the morbid proli- 
feration does not differoutwardly from that periosteal proliferation 
which ushers in the development of normal bone; moroover, we 
can trace an analogy with the physiological properties of the 
periosteum, in tlio e^{>ecial proneness uf theue tumours to become 
OBBtfied. Finally, the " CAondroiitn onleoidfs," described in g liiS, 
obvioualy comes very near to the physiological type. Still, we 
night chiefly to lay stress ou the heterologous character of the 
W growth, regarding all sarcomata, en chondroma! a, myxomato, 
C, of the skeleton, an qualitative departures from the laws regu- 
ing the productive function of tho conjoint vascular and con- 
9ctive- tissue system. 
§ 676. Taking first the PEKiniERic ostkosarcomata, wo 
1 the soft layer of the periosteum, which lies next the bone, 
and which Mux ScJiulfze has so aptly called the " combium- 
l^rer," mainly involved in the production of this kind of tumour. 
Indeed we may conceive the development of tlie sarcoma to be 
ushoi-ed in by a qiumtltative excess in the phenomena of normal 
growth proper to this region — especially by the production of a- 
Jarger amount of embrjonie tissue over a circumscribed patch 
k'irf the Huriace of tbo bono. In its later stages, peripheric osteo- 
s eimply a sarcoma situated between the periosteum 
R»«nd the bone. Quite apart from its clinical history, from the 
Mtiuos and relapses which it occasionally exhibits in their 
■ •most striking forma, a very superficial histological analysis is 
1 enough to disclose the sarcomatous nature of the tumour. It 
I '4wnally contains all the varieties of sarcoma- tissue side by f'ide ; 
l»yet spindle-cell tissue predominato-s in most cases. This is pur- 
lurly true of those enormous tumours which are devotoped 
1 the ends of the groat hones of the extremities (femur, tibia, 
merus, &e.), and are characterised by their imperfeatly radi- 
>«ting structure. They delw(^b tho periosteum, overlap the adja- 
oeat cartilage, and pcnet ral« but a little way into the compact tis- 
sue of tbo cortex. At u later stage, they invade those structures 
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which arc continuous with the bone, ae. muscles^ paroeteil oon 
nectivc tissue, capsules of joints, ligaments, &c., while thoi 
which lie more loosely on the Burloioe of the growtli, e.g. bdlii 
of muscles, and tendons, give rise to corresponding groove 
upon it. 

In all sarcomata of the bones, whether they spring from tl 
medulla or the periosteum, we occasionally come across bits 
bone- tissue of various sizes which are developed secondarily; 
a constant occurrence, however, ossification is restricted to 
single division of the peripheric osteosarcomata, which ht^ 
been termed " osteoid " tumours by Joh. Muller for this ve 
reason. Muller distinguishes between a benign and a maligna 
form of osteoid. The latter is identical with the " cancer 
bone " which will hereafter be described. We will confine a 
attention at present to the former variety. The benign osteoi 
which usimlly affects the bones of the face, exhibits, as a rule, 
markedly radiating structure. From a single point, or rath 
from a relatively small surface, fibrous bands, which can i 
distinguished even by the naked eye, radiate uniformly and 
straight lines towards the periphery ; moreover the tumour a 
be torn in these directions more readily than in others. This 
due to an almost papillary composition of the mass, which ooi 
sists of long, thin papilhc, giving ofi" branches at very acui 
angles. Fig. 186 (a horizontal section) shows that the papiU 
are, upon the whole, roimd, consisting throughout of embiyoD 
tissue with a scanty intercellular substance. Bands of lax co] 
nective tissue traverse the interstices between the papillse ai 
fill them up. It is worth noticing that lacunar fissures are visib 
here and there between the sheaths of connective tissue and tl 
surface of the papUloD. The two present smooth surfaces to cm 
other at these points ; the fissures can readily be filled wit 
injection, and communicate with neighbouring lymphatics. 

§ 677. The subsequent ossification is merely a calcificatic 
of the scanty intercellular substance. A circular, not alwa; 
stellate, lacuna, takes the place of each corpiiscular elemei 
(fig. 186) ; the mere texture of the parts would not of itsc 
induce me to call the process one of true ossification, were it n 
for the fact that the earthy salts are deposited in zones in ti 
interior of the papilla) — zones which invest the blood- vesse! 
and so betray their analogy with osteophytes. After macer 
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tion, the OMificd parts of the tumour are seen to form a radiating- 
franiework, loosely built up of thin trabeculo) of bone. 

I have seen an exquisite example of peripheric osteoBarcoina, 
t:on'ii8ting throughout of round-cell tissuo, and nowhere present- 
iujj any trace of oxsihcation ; the specimens are now in the 
Ziirich collection. At various points of the skeleton, esj)eciully 
on the sternum, the inner surface of the skull, and at all thoso 
foniminu iu the skull and spinal i^'anal through which ncrvex 
enter and make their exit, the iieriostenm wa^ detached by a 
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tliyer of substance like fish-roe ; this layer watt only a line thick 

[for the most part ; over the sternum, however, it was as thick a* 

I the finger. The superficial extent of these multiple sarcomata 

^varied between the limits of a lentil and a dollar-piece ; at the 

toints of exit of the nerves, the sarcoma fonned circular ciisliions, 

larticulurly at the intervertebral foramina. 

The naso- pharyngeal polypi which spring from the anterior 

Wrface of the upper cervical vertebra: and m frilumlair, must 

Ijbe viewed us purely fibrous sarcomata of the periosteum. (Of. 

, Gesehwiilste, i. p. 054.) 

Whether it bo ijossiblc for giant-cell surcomats to spring 

I the periosteal covering of the hones, has not been, in my 
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opinion^ clearly made out. Virchotc has recently indiided tboae 
tough and elastic, more rarely soft, sarcomata of the alveolar 
processes, which are attached by a broad base and form roonded 
protuberances (long known as ^pulidea), among peripheral osto»* 
sarcomata in the sense of periosteal proliferatioiis. In tlui 
matter he is opposed to N^lakm^ who, though also coulnuituqf 
two groups of "myeloplaxic tumours" (giant-cell saicomaia) 
itc, the ^puUdes pMosBettws and the ^ptUides iniraosumism inOi 
one another, makes the former variety spring, myt from tlie 
periosteum directly, but from the perivascular medullary cells of 
the dilated Haversian canals which open on the surface of the 
bono. N^UUon wishes the giant-cells always to be recognised 
as medullary elements. Virchow objects to this, that many of 
the ^pulUleH penoftsetw^ are situated upon a bony eminence, 
which he believes to be an antecedent periosteal proliferation, 
and which intervenes between the soft part of the tumour, with 
its giant-cells, and the bone. True, he also recognises the great 
prononcss of the epulides to penetrate into and destroy the 
bone ; I feel inclined to ask, for my part, why the bony basis in 
question should not be regarded as a part of the growth itself, 
which has become ossified. On this hypothesis, it would serve 
rather to indicate the continuity of the tumour with the bone, 
than to separate them from each other ; it would thus favour 
N^latorCs view. I speak with caution on this point, because I 
have assured myself, in connexion with those giant-cell sarcomata 
which spring from the medulla, that the giant-cells are really 
bone-corpuscles which have been set free during the absorption 
of the bone-tissue, and have then entered upon this peculiar 
state of hypertrophy. This, of course, must not be taken to 
mean that giant-cells cannot originate in other ways as welL 
(Cf.§67.) 

The sarcomatous epulis contains giant-cells of enormous size. 
When these drop out of fine sections cut parallel to the edge of 
the jaw, gaps are left, which are not unlike the alveoli of cancer. 
The quasi-stroma is made up of the various species of sarcoma- 
tissue, and the tumour is harder or softer, according as one or 
other species predominates in its composition. The firmest 
tumours are chiefly made up of connective-tissue fibres, the 
softest of round-cells ; those of medium consistency (which are 
also the most usual ones), of spindle*cells. 
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S 678. Centbai. osteosarcomata (Myelogenic Osteosar- 
comata, Virchow) occur in tliree forms. The most common 
variety is the giant-cell sarcoma of the lower (more rarely of 
the upper) jaw, called ^pulide uUraosseiise by N^laton. It 
springs from the red marrow of the cancellous tissue, and 
continuing to increase by central growth, forms irreguhirly 
rounded maAses, which may reach the size of a child's head. 
It is obvious that during this enlargement they must come 
into conflict with the compact cortical tissue of the bone. The 
cortex of the boae is " expanded " by the tumour from within ; 
this is the generally received view, which our first glimpse of 
the tumour apparently confirms. It seems as if the bone lacked 
its characteristic hardness and density, and were compelled to 
yield, without resisting, to the centrifugal force to which it is 
subjected. The phenomenon is one which invariably recurs 
whenever a slowly-growing tumour is situated in. the interior 
of a. bone ; it recurs, not only in all myelogenic sarcomata^ but 
also in the central enchondromata and myxomata. Volkmann 
has attempted to prove that the bone-tissue is really stretched 
(innere Verschiebung) ; but even his acute reflections and my 
own conviction that every one of the cases of " stretching " of 
the bones, which he examined, must be thoroughly investigated 
and taken into account, before any trustworthy conclusion on 
the subject can be arrived at, do not shake my belief that the 
expansion (Aufblahung) of the cortical layer of the bone, at 
any rate by central osteosarcomata, is due to apposition and 
absorption of tissue. Apposition from without — ^by a continuous 
production of bone from the periosteum ; absorption from within 
— by a continuous liquefaction of the bone-tissue at the surface 
of the growing timiour. Fig. 187 represents a vertical section 
from a myeloid tumour as big as a man's fist. It includes the 
odge of the tumour, and a trabecula of bone, which, together with 
three or four others of exactly similar texture, represents the last 
remnant of the bony cortex of the lower jaw. This trabecula 
exhibits both changes in progress. The side turned towards the 
periosteum is almost entirely beset with the well-known " osteo- 
blasts " of Chgenbanr. The opportunity for seeing the way in 
which bone- tissue is formed is most favourable ; every step of 
the process is presented with unrivalled clearness (§ 52). On 
the ojqaosite surface of the trabecula absorption is going on. A 
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nh a rp, arcuate lino limits tho bone at its junction with the tumour. 
At several points, multinuclear giant-cells arc seen lying in the 
clcpresBions formed by HoTTship's lacunic ; the size of these giant- 
cells Tarios ; the smallest odcb are only a trifle larger than the 
adjacent bone-corpuscles, and would hardly deserve their name, 
did they not betray themselves asAiture " my^loplaxes " by the 
uniformly granidar character of their protoplasm, and the pre- 
sence of intermediate forms. The youngest " my^loplaxes " are 
so constantly situated at the inner edge of the bone that it is 
impossible not to believe them to have originated here, perhaps 
by a metomorphoslH of the bone-corpawlcs sot free from time to 

Fia. 187. 




Fniyuient from llie edge of a spindle-cell and giant-tdl « 

of the lower jaw, ob large oa a closed figt. Trabcciila of bone, 
which is disappearing \>y Abwrption on one side, while on tho 
(itlier it is growing by appofiition of new tiasuc. Fur details 

time by the advancing liquefaction of the basis-substance of the 
bone. Kow on comparing tho distribution of the giant-cells in 
the sarcoma with that of tho bone- corpuscles in the bone, it is 
impossible not to be struck by the fact that both the one and the 
other set of elements are disposed alternately, at regular interr^h). 



J their rospoctive tissues. This coincidence, however, seems to 
bo verj- simply explained hy the hj-pothesis that during the 
growth of the tumour the bone- corpuscle 9 which are set free and 
forthwith converted into " rayeloplaxes," are pushed away from 
the bone and incorporated into the tumour with a certain degree 
of uniformity, by cellular layers belonging to the growth itself. 
This, of course, does not prove conclusively that the giant-cells 
of the central osteosarcoma ai-e former bone- corpuscles. Mean- 
while, I am happy to say that the physiological occurrence of 
giant -cells has recently been explained on this verj' theory 
{Bivdichin, Centralbhttt" 1867, 563). 

So much for the histologj' of the " expansion " of bone. It 
■ ob^-ious that even if apposition keep pace with absorption, a 

Jiing of the shell of bone must occui- in time. It is necessarj' 
lat more bone should be added than is absorbed, if the bone is 
o invest the continually growing tumour with a layer of compact 
substance of imvarying thickness. Since, however, the contrary 
is rather the case, i.e. less bone is added than absorbed, we 
cannot be surprised to fiud the shell ultimately deficient in parts 
— to fiud the tumour perforating the bono. 

The intra-osseous epulides of the jawn, which we have been 
hitherto considering, consist mainly of spindle-cell tissue. The 
tendency of the cut surface, when fresh, to assume a yellowish 
red or even greenish hue by exposiire to the air, is noteworthy. 

g 670. The second kind of central osteosarcoma is principally 
met with in the lower end of the femur, the upper end of the 
tibia, and the upper end of the hiunems. It is remarkably soft 
and vascular. The round-cell tissue of which it primarily con- 
sists is developed at one point into mucous tissue, at another into 
adipose tissue, at a third into spindle-cells and fibrous bands ; the 
tumour is thus rendered compound {Sarcoma mixtum). Its vas- 
cnliirity often leads to htcmorrhages, whoso effects, in the forai of 
recent coagula, or of older " foci of softening" crammed with 
reddish-brown pigment, may mislead the obsener at the first 
glance, making him believe that he has to do vdih an aneurism 
of the bone or a fungus hacmatodes. The lalter term is of course 
the only one which can legitimately be applied to the growth ; 
^ mid even that with caution. This tumour, like the last, is di«- 
iguished by containing multinuclear giunt-cells ; it must 

refore be classed with the giant-cell earcomata. 
_ VOL. 11. 
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§ 680. Thirdly, we liave a central osteofibroma, wlioee dose 
aflBnity to tlie '^ ^pulides intraosseuaes " is shown by its predi- 
lection for the jaw-bone, and the exactly similar way in which 
it expands the cortex. Xo giant-cells have been detected in it 
On the other hand, it is singnlarly prone to imdergo ossifioation; 
we either find a nnmber of small bony splinters in its interior, 
giving a gravelly roughness to its cnt sur&ce, or ossification on 
a vaster scale may gradually convert the whole tumour into an 
osteoma. 

§ 681. Pure myxoma of the bones is described by Vtrchmo 
as a growth starting from the marrow, distending the bone and 
finally breaking through it ; its texture resembling the flesh of 
an oyster, or the jelly-like disk of a medusa. Owing to the 
close rektionship between myxomata and enchondromata, it is 
difficult to draw a sharp line between them. Most of the soft 
and jelly-like tumours of the bones are enchondromata. 

§ 682. I have already said, in speaking of the general 
histology of enchondromata (§ 135), that they are usually 
seated in the bones. I may now add, that of the various parts 
of the skeleton, the phalanges of the fingers and toes are the 
most often afiected ; next come the humerus, femur, and tibia ; 
next the jaws, pelvic bones, and scapida ; the ribs and the basi- 
cranial bones are more rarely involved, the vertebrae, clavicles, 
and sternum most rarely of all. Joh, MuUer originally divided 
enchondromata into those which are external and grow fixmi the 
periosteum, and those which are internal and set out from the 
medulla. But here we are met by the same difficulty as in the 
case of the epulides ; there is no question about the internal 
variety — ^but with reference to. the external one, it is impossible 
to be sure how &r the compact substance of the bone, and how 
far the periosteum has a share in their production. Even 
Virchoio is in doubt upon the subject. To add to our perplexity, 
a direct transformation of bone-tissue into cartilage has lately 
been asserted to be possible by several observers ( Weber), ^ The 



* The progress of thifl change can only 1)e studied in veiy thin lamcllas 
of bone, taken from the boundary Ijetween the bone and the tumour. 
The bone-tissue undei*goes a sort of uniform licj^uefiu^tion ; its basis- 
substance grows translucent from its edges, while the corpuscles lose their 
processes, and come to lie in rounded cavities, seemingly prodaced by a 
mere softening of the basis-substmce, which sets out fiom the lacmie, and 
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[pact tissue woultl Urns claim more attention at our hands, 
especially if V'rrhoir'K suggpstion should be confirmed, 
,t residual portions of cartilage, forgotten in the compact 
10, may give the impulse for eachondromatous degeneration. 
le intemai varioty of enchondroraa resembles the centml 
■sarcomata and mj-xomata only so far as it expands the 
into a mere shell, only breaking through it here and there 
it has lasted a long time. In other respects, the growth 
1 enchondroma by foci disseminated through the tissue 
id it. is the cause of some verj' remarkable peculiarities. 
Among thcsL', I may particularly allude to the more intense 
irritBtion caused by the production of scattered nodules round 
the primary tumour. Besides an ossifying periostitis, often on 
considerable sctJe, we often find a true ossifying osteomyelitis. 
18 medullary cavity in the neighbourhood of the enchondroma, 
seems to be quite shut off by a verj' dense, finely-porous, 
compact substance. The ossifying periostitis continues to fur- 
nish layer after layer of new bone, thereby adding fresh mate- 
rials for the building up of the tumour, and producing a bony 
tpanle, which does duty for a longer time in the enchondro- 
tta than in any other of the central tumours of bone. 
Enchondroma til of the bones last longer and grow bigger, 
;hout undergoing any internal change, than cnchondromata 
the soft parts. In a later stage, they exhibit the seoondary 
itamorphoses described in ^ VA7, *". calcification, ossification, 
iversion into mucou;* tissue, mucous softening, and cystic 
neration. It only remains for -an to mention several 
irieties of enchondroma wiiich have hitherto been met with 
only in the bones. 

a, EiirliondroiiM hieniatodes. On tho right fibula of a boy 
admitted into the surgical wards at Bonn, there was a tumour 
large as two fists, which was undoubtedly cartilaginous at 
periphery, and betrayed the lobidar structure characteristic 
an enchondroma. But the central lobules presented a gela- 
lotts and swollen condition of their basis-substance, and were 

|^I«atrict«d ta their immediiit^ iieighkiurliootl. It cannot lie ijenieti lliat 
iiH »la-"e of \\A iiiL-UinoriiticiBia, jireaenta n great Bimilari^ 
utrtikge i yet the proces*, as t\ wlwte. ilixs not give one t}ie iilea of a 
^lUbratioti, btit rather of an organic metamorphoiis — not, of goutm, 
IS with disorganisatioii. 
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pcnncflted by blood-channels of a vcrj- peculiar kind, concerning 
whoMC nature only one definite assertion could be made, tIz. 
that they had been produced by the anastomosis of contigiioiis 
cartihige-cavitieH. They formed a network with weli-marked 
u^idal pijintH, whose edges were concave inwards. Whether 
they really were blood-vessels, or whether the case was simjAy 
one of extravasation modified by the peculiar structure of the 
{lartM, we were not able to decide. The softening was associated 
with a simultaneous sarcomatous degeneration of the skeletal 
framework of connective tissue (C. HoHti^rnutnn, Inaug. Disser- 
tation, Bonn, 18(i8). 

b. Knrhoiulromn pHeudopapilloHum, A peripheric enchon- 
droina of the upper jaw, also obtained from the clinical wards of 
(ieheimrath Bunch ; its surface was distinctly papillose — beset 
with cauliflower excrescences. The massive proliferation, after 
filling up the antrum, had perforated the bone anteriorly. The 
tumour owed its singular structure to its marked central growth, 
which fonned a striking contrast to that of the proper enchondro- 
mata. The smallest nodules were continually reproduced in the 
connective tissue of the larger ones. At last, the independent 
growth of the latter partially detached the tumour from its envi- 
ronment. It was broken up and dismembered into groups of 
nodules by horizontal clefts and fissures — ^into groups verj' like 
the branched papilla) of a catdiflower growth. {C, Hopmaun^ 
Inaug. Dissert., Bonn, 1867.) 

§ 683. Cancer of bone will soon be an urgent question in 
pathological histology. If it be true, as Thiench and his ardent 
followers assert, that all true cancers set out from the superficial 
or from the glandular epithelium, it is plain that all cancers of 
bone must originate by a i)ropagation of the infiltration from 
cutaneous, mucoiLs, or glandular cancers in their neighbourhood. 
This is imdoubtedly often the case. E,g. when we see an epi- 
thelioma of the face propagated to the jaw-bones, or an epi- 
thelioma of the leg to the tibia — setting up a kind of cancerous 
caries in these bones, what happens is this: cylinders of cancer- 
cells are protruded into the vascular ix)rcs of the bone, which 
increase proportionately in size, while the intennediate " terri- 
tories of nutrition" disappear. So too, when metastatic nodules 
crop up and thrive in the diploti of the cmnial bones, or in 
the spongy substance of the ribs, or in the medulla of 
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the bones elsewhere, we may at any rate admit the possibiKty 
of an " epithelial infection " of the local medullary cells, 
even though, as an anatomist, I should have in that case 
simply to concede that connective-tissue corpuscles may be con- 
verted into epithelial cells, and that cancer may thus be developed 
from connective tissue. But how are we to evade the necessity 
for recognising that there also exist cancers of bone which are 
primary, and which, moreover, show a distinct tendency to 
recur in the same place and in the same form P First, we have 
those soft and quickly-growing cancers which are so prone to 
spring from the upper end of the humerus or the femur, occa- 
sionally arriving at an enormous size. They are mainly deve- 
loped, now from the medulla, now from the periosteimi; no 
sooner is the latter involved, than the growth of the tumour 
proceeds wtth accelerated velocity, while ossification sets about 
constructing an extremely beautifiil, spongy or radiating frame- 
work. It is always the thicker trabeculoo of the cancer-stroma 
which become calcified, and so furnish a kind of spurious bone- 
tissue {carcinoma osteoides). A second, and equally favourite 
seat of primary cancer, is in the bones of the skull. Soft, 
rapidly-growing nodules spring up in the diploe and speedily 
perforate the cortical layer in both directions. Or else the 
central tumour may increase somewhat more slowly, and the 
periosteum has time, at any rate to begin the formation of a 
shell. This may occasionally be seen in the upper jaw. A third, 
less usual, but all the more characteristic variety, is the diffiise 
carcinosis of the pelvic bones and adjacent vertebra), which pre- 
sents the clinical features of osteomalacia. Here too, the disease 
is a soft cancer, distinguished by the degeneration of the medulla 
starting from a countless number of minute foci. In all these 
primary cancers of the bones, there cannot be any question of 
an epithelial origin ; and yet our whole conception of cancer 
would have to undergo a revolution, were we to exclude these 
growths from its domain.* 

We are still in need of fuller data concerning the origin of 

♦ In a paper i-ecently publkhed in Laiigeubeck'a Archiv, Billroth 
suggests that certain varietieis of soft cancer ought to be regarded as 
alveohiT barcoinata, due to a higher evolution of the lymphadenoid type 
of tissue ; this idea seenis to me to apply most admirably to sarcomata 
•of the Iwnes and ner\'es. 
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the first caucer-celle ; the analogy of the other mydogenlc 
tumoura of bone poiuto to a metamorphosis of the meduUarj' 
cells — and, as I add with ^npluwia — of the corpuscular elemeats 
of the.pemasculor adventttia. The bon^-tissue melts unreaiat- 
ingly 'before the advimciiig growth. Its absorption is usually 
preceded by a decalcification, just as in osteomalacia. The tro- 
beculie of the bone are thus — at one stage — elastic and flexible, 
like cartilage. The behaTiour of the bone-corpuscles is pro- 
bably not the same in all cases. It is comparatively easy to 
break a splinter of bone from the middle of a cancerous tumour, 
and to inTestigttte it with reference to this point ; so that I am 
able to refer to a considerable number of such observations. 
They go to prove that it is only by way of exception that aay 
active participation of the bone-corpuscles in the growth can be 
detected. The annexed drawing (fig- 188) shows how they may 



Tnibecula of bone muleigoing cauceroua degeucmtion. -g^g. 

take part in the process. The specimen was taken from the edge 
of a soft cancer of the ribs. One of the trabeculsD which sur- 
round the grow& has been invaded by it and wholly dissolved 
on one side, while on the other, its edges are stiU smooth. The 
bone-corpuscles, which still continue normal on the side turned 
away from the tumour, increase steadily in size, while the basis- 
subatonce loses its earthy salts and shrinks, in exact proportion 
to the increase in size of the corpuscles. On this side of the 
trabecula, only u scanty residue of it can still be seen. The 
corpuscular elements, on the other hand, have been transformed, 
by fission of their nuclei and augmentation of their protoplasm, 
into roultinuclear elements of larger size, which are speedily 
broken up into as many smaller cells as there are nuclei. 
Whether these cells afterwards become cancer-cells or whetiier 
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their production is not merely a collateral effect of the intense 
tissue-irritation, I must leave undecided. The phenomenon 
itself is not a constant one. 

Colloid cancer has also been repeatedly met with in the 
bones — ^though always in a secondary form. But there are no 
histological observations on record conoeming its origin xmd 
mode of extension. 

§ 684. Syphilitic gummata make their appearance in the 
skeleton during the so-called *' tertiary" stage of the disease. 
The term ".gumma** is probably derived from the peculiar sense 
of elastic resistance communicated to the finger, when we ex- 
plore the flat, circumscribed swellings of the cranial bones 
through the integuments of the scalp. The soft, rapidly proli- 
ferating tissue of which these tumours are composed, is primarily 
furnished by the innermost layer of the periosteum ; at this point 
we are once more reminded of physiological growth; but in the 
very next stage, the minute texture of the morbid product is 
heterologous throughout. A delicate, gelatinous, in some parts 
fibrous basis-substance, contains a number of round and spindle- 
cells, beautiMly arranged in concentric rings round the vessels 
which traverse the new formation in all directions. I regard 
these vessels as the periosteal vessels of the bone — ^those which 
normally cross the interval between the periosteum and the bone, 
and dip into the superficial layers of the cortex. The adventitia 
of these vessels is the proper matrix of the syphiloma. It is here 
that cells and basis-substance are produced in successive layers, 
the yoimgcr ones pushing the older ones before them, and so 
causing a concentric arrangement of the entire texture of the 
morbid growth. The mucoid swelling of the basis-substance 
developes mechanical forces, with which neither the bone nor the 
periosteimi are fitted to cope. The latter is stripped from the 
bone, the former wastes under the pressure of the tumour, 
becomes rough, and finally exhibits deep defects (Caries at/phi- 
/it tea). Meanwhile, the syphilitic infiltration creeps along the 
Haversian canals into the compact tissue of the bone, destroying 
it territory after territory, just like the medullary grantdations 
in rarefactive ostitis. When once the bone-tissue between any 
two vessels is wholly destroyed, the syphilomatous masses from 
either side coalesce, and the primary implication of the peri- 
vascular sheaths is only indicated by the concentric grouping. 
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We shall see an exact repetition of these conditions in gummata 
of the brain. 

Syphiloma of the bones must be viewed as itself a heterolo- 
gous, syphilitic inflammation, while, on the other hand, it excites 
all forms of ostitis and periostitis in its neighbourhood, by which 
the bone is more damaged and distorted than it is by the tumour 
itself. S3rphilitic inflammation, caries, necrosis, &c., are not 
texturally different from the simple varieties of the same afl*eo- 
tions. Syphilomata are liable to imdergo caseation; a direct 
liquefaction into pus has also been observed. Under the infla- 
ence of antis3rphilitic remedies, the mucus of the basis-substanoe 
undergoes a chemical metamorphosis of another kind, which fits 
it for being reabsorbed, while the cells are converted into dSrU^ 
also capable of being taken up into the blood. 

§ 685. If we exclude the cases of caseous ostitis which have 
already been described from tuberculosis of the bones, the 
only true miliary eruption which remains is an occasional, 
rather uncommon appearance in the neighbourhood of the cheesy 
deposits. According to Virchoic, the tubercles originate in the 
red marrow, and do not differ in structure from the ordinary 
type of miliary nodule. For my own part, I have never had 
an opportimity of seeing true tubercles in bone. 



XVII -MORBID ANATOMY OF THE NERVOUS SYSTEM. 

§ 686. One of the most striking features in the pathological 
histology of the nervous system, is the trifling and always passive 
share taken by the proper nervous elements in all those changes 
which affect the brain, spinal cord, or peripheral nerves. As 
every effort has been made to refer the diseases of the nervous 
system, and particularly psychical disorders and other essential 
neuroses, to morbid changes in the ganglion-cells and nerve- 
fibres, we may, with perfect confidence, supported by the nega- 
tive result of all such investigations, maintain the thesis, that 
the causes, perhaps of all (?) diseases of the nervous system, are 
to be sought in anatomical lesions of the non-nervous elements. 
Bearing this in mind, however, it seems advisable to begin vnth 
u few introductory observations concerning the many ways in 
which the nervous and non-nervous elements take part in the 
composition of the various sections of the nervous apparatus. 

§ 687. We may start from the position, that the finest rami- 
fications of the peripheric nervous system — the solitary nerve- 
fibres — are embedded in that continuous mass of connective 
substance which fills up all interstices between the organs and 
the component parts of organs, throughout the body. Even 
after the ultimate fibres imite to form bundles of about twenty 
each, we cannot detect any appreciable modification in the quality 
of the connective tissue. In harmony with this is the uncon- 
strained course of the individual fibres, their incessant twisting 
and bending, the peculiar laxity of texture which characterises 
these smallest nerve-bundles. On passing, however, to the larger 
trunks, we find a very marked differentiation of the connective 
tissue between the nerve-fibres from that which surrounds 
them. The softer and more delicate the former, the so-called 
" perineuiium," the more dense does the latter become, 
forming a tough sheath well fitted to protect the nerves from 
mechanical disturbance. The {)erineurium contains no true 
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fibrilla) of connective tissue ; its intercellular substance is homo- 
geneous, and, but for the i)reseuce of corpuscular elements, 
would not be visible at all. The cells have elongated nuclei, 
surrounded by a very small quantity of finely- granular proto- 
plasm. AVhether the sheath of Sc/itrann in the medullated 
nerve-fibres, forms part of the fibres, or of the perineurium, I 
will not take it upon inc to decide ; I would only remind the 
reader that the structures, sometimes called the '' nuclei of the 
sheath oi SchicanUy* are identical with the corpuscular elements 
of the perineurium, since, by taking part in ever}' pathological 
proliferation of the interstitial connective tissue, they sponta- 
neously identify themselves with it. 

The outer sheath of the peripheral nerve-fibres contains the 
trunks of the vessels which nourish the nerve-tissue ; it sends a 
certain number of fibrous prolongations inwards, which divide 
the nerve-fibres into fasciculi of various sizes, and carry the 
smallest venous and arterial twigs, while the elongated mieshes 
of the capillary network are spread out in the perineurium. 

In the central organs of the nervous system we find a still 
further specialisation of the non-nervous elements. In the 
brain and spinal cord, the perineurium assumes a peculiar 
delicacy, while the outer investment of connective tissue is 
differentiated into an external, very dense, thick and tough 
membrane (dura mater) containing only a few slender vessels, 
but all the more fitted to protect the nerve-centres, and a very 
delicate layer of lax connective tissue (pia nmter) which must be 
exclusively regarded as the vehicle of the larger blood-vessels. 
The processes of connective tissue along which the smaller vessels 
pass into the interior of the organ, are still to be seen in the cord ; 
indeed the white substance of the cord differs but little, upou 
the whole, from a peripheral nerve in quality. In the brain, on 
the other hand, the snudlcst arteries and veins are usually said 
to penetrate quite ''naked" into the holy of holies of the 
nervous system. We must not interpret this '' nakedness " too 
strictly ; indeed it would be quite inexcusable for any one 
familiar with the morbid anatomy of the bi-ain to overlook the 
sheath of connective tissue, however slender, by which these 
vessels arc surrounded. The structui'c in question has been 
described either as a tunica adventitia, or as a perivascular 
lymphatic tube. KoUikcr was the first to strip a homogeneous 
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Lbnuie, witli uuclci upou its inner sur&ce, from the cerebrul 
Bcls ; Sis afterwards prtived by injection, that this membrane 
was separated Irom the brain -substance by an interval commu- 
nicating with larger perivascular spaces in the pia mat«r. Jiis 
^^■Uevee that all these epaceu are l}iuphatic cimals. I admit his 
^^Kpothesis, 1^-ith the expre^ reservation that these "lymph- 
^Hftths" are fiir from exhibiting all the characters of true 
^™' lymphaticB," Their endotheliuni is, to say the least, imper- 
fect ; theii' walls are incomplete ; mdoe<l we ought eimply to 
epeak of " interstices in the connective tissue; " and it would 
^^probably be most correct to include the whole arrongemeut 
^Epung those " cellulur " spaces, which formerly caused the 
^Hltermuscular and subcutaneous connective tissue to he known 
^^M "cellular tissue." Their only special feature would in that 
case be their continuity with the lymphatic system, a continuity 
which is still fai' trom having been satislitctorily demonstrated. 

To conclude with a few words about the perineurium of the 
brain, the " neuroglia" of Viichow. Neither the precise nature 
nor the quantity of this substance have as ytit been adequately 
^ascertained. As regards its nature, a distinction is usually 
^HjKiwn between the neuroglia of the white, medullary substance, 
^^pgd that of the grey, ganglionic, cortical layer. As for the 
^^aeuroglia ol' the medullary substance, we may safely affirm that 
it comprises whatever elements are met with in the white 
matter, apart ii-om norvo-hbres and blood-vessols ; hence all the 
granules and nuclei in the white substance are ueuroglia-colls 
and nuclei — hence the white, finely- gruaular, and spongj- 
materiul, in which the nerve-fibres are embedded, is the basJs- 
Bubstonco of the neuroglia. In the case of the cortex, it is 
much harder to arrive ut a decision. At the cur tico- medullary 
junction in the cerebellum, and less strikingly in the cerebrum, 
we come upon a crowd ot' so-culled "granules," i.u. of small, 
pale, round, homogeneous, quasi-nuclear bodies which, accord- 
ing to recent investigations, are collectively equivalent to minute 
cells, since they arc all provided with little appendages of proto- 
plu:sm — a fact which had formerly been overlooked. ITiosc 
appendages are sometimes produced into slender threads ; hence 
it has been supposed that the gi-anules arc continuous with 
nerve-hbrcs and therefore themsches nerrous elements. They 
diuioLdi in number towards the surface, though still tolerably 
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frequent — ^in little gronps of from three to five; besides them, we 
have the well-known pyramidal ganglion-cells; but the main 
bulk of the grey matter is made up of a continuous mass of very 
finely-granular, and — according to the views of M, SchuUzey now 
generally received — ^minutely reticulated and spongy substance. 
This substance, obviously destined to support the nervous 
elements, is the basis-substance of the neuroglia ; we have only 
to ascertain which of the corpuscular elements contained in it 
are to be viewed as the neuroglia-cells. Were we simply to 
transfer the experience derived from the white to the grey 
matter, we might simimarily assign the character in question to 
some part, at least, of the granules. I know of no difference 
between the "connective-tissue grantdes" of the white, and 
those of the grey matter. But here we are confronted by the 
belief of distinguished authorities (to which allusion has been 
already made), that the granules of the cortex are really minute 
nerve-cells. Pathological phenomena do not resolve the problem 
satisfactorily; for although we are able to prove that certain 
timiours originate and grow by the proliferation of these cells 
(Gliomata), we are at once met by the diffictdty, that these very 
timiours. do not occur elsewhere, with the sole exception of the 
retina, whose structure is closely related to that of the nervous 
centres. All other morbid growths and products, such as 
cancer, sarcoma, tubercle— even pus itself — originate in other 
ways ; their evidence is only of subordinate value in connexion 
with the inquiry, which elements of the cerebral structure are 
nervous, and which belong really to the connective tissue ? For 
my own part, I believe that any one who has studied the 
development of gliomata, of yellow softening, and of several 
other morbid changes, with imbiassed eyes, will rather incline 
to my opinion that all the granides in the brain are of the same 
nature, and are all equivalent to connective-tissue corpuscles. 



1. Hyper^mu and Inflammation. 

55 688. We have already learned that each of the main 
di\'isions of the nervous system has its own special vasctdar 
arrangements ; hence it cannot sxirprise us to find a considerable 
number of independent morbid appearances in the domain of 
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hypeHcmia, hocmorrhage, and inflammation. Dura mater, pia 
mater, cerebral substance and spinal marrow, peripheral nerves 
— ^have all got their special forms of hj^eraomia and inflanmia- 
tion. Nay, the pectdiarities are so striking, that we cannot 
adequately explain them by any mere diflference in the distribu- 
tion and number of the blood-vessels. The aggregate relations 
of the parenchjTua to the vessels — ^their mutual influence — are 
not the same in the dura mater as in the pia mater, in the pia 
mater as in the brain. The customary arrangement, according 
to which each organ receives its special supply of arteries and 
veins, which then break up into capillaries in its interior, is 
really confined to the peripheral nerves. In the spinal cord, 
and still more in the brain, care seems to be taken that only the 
finest vessels, those which immediately subserve nutrition, and 
which are not subject to any variation in their calibre, shotdd 
penetrate into the nerv'ous matter. Accordingly the territories 
of nutrition in the brain and cord are everywhere very small ; 
hence too, hypencmic and inflammatory conditions of the central 
organs proper exhibit a twofold peculiarity ; first, when due to 
local causes (eg, wounds), they tend to limit themselves to 
small areas ; and secondly, their extension over ^rider tracts is 
usually a consequence of intense///«r^V>;/a/ irritation (Psychoses) . 
On the other hand, in the pia mater, we have an enormous 
number of largish vessels, distributed through a parenchj-ma 
which hardly requires nourishment at all, but which possesses 
wide spaces, offering the most favourable conditions for the 
propagation of an inflammatory process and the accumtdation of 
its products. This accounts for the tendency of congestions and 
inflammations in the pia mater to become diffiised, a tendency 
resisted in acute cases only by the unpelding walls of the skull, 
while in chronic cases, and before the cranial bones are firmly 
consolidated, the field for their extension is practically unlimited 
(Hydrocephalus extemus). The dura mater, owing to its ex- 
treme toughness, and the intimate way in which its bimdles of 
connective tissue are interwoven, is incapable of satisfying 
whatever inflammatory tendencies it may possess, within its 
own parenchjTna ; hence both hypencmia and exudation mani- 
fest themselves upon its inner surface, where they give lise to a 
TGry interesting series of textural changes, a series which we 
shall now proceed to consider in detail. 
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a. Pachymeningitis. 

§ 689. Acute ciRcntfscRiBED sufpukation of die dn 
mater, following penetrating wounds of the head, eiyaipeii 
caries of the petrous bone, and occurring round softened liirmi 
of the venous sinuses, affords but slender materials for hiBtoIogii 
investigation. One point alone merits attention, viz. that t 
alterations are very prone to assume a gangrenous character 
tendency fiilly explained by the ease with which the tew m 
narrow mm propria of the membrane become plugged bjr ooagn 
and islets of parenchyma, of disproportionately lai^ sice^ c 
prived of nourishment in consequence. 

§ 690. The non^suppurative, internal, or hannorrhaf 
PACHYMEXixams begins with a hj^perscmia, which, acoording 
Kremianskf/, primarily involves, in by far the greater number 
oases, the area of distribution of the middle meningeal arte 
— ^the bregmatic region — spreading gradually forwards, bac 
wards and downwards from this point. The arteries are dilate 
more tortuous than usual, and surroimded by a much thickeni 
adventitia. The capillary hypera^mia manifests itself as a bare 
perceptible rosy flush of the internal surface of the membraii 
usually so white and smooth ; throughout the entire course 
the disease, it remains stationary at this insignificant leveL A 
the more remarkable are the changes which are developed on ti 
sur&ce of the dura mater in connexion with this hyperscmi 
The naked eye observes, first of all, a lax, gauzy, yellowish efflo 
escence, studded with innumerable bloody points. This mi 
readily be peeled off with the forceps, and if, while doing thi 
we fix our attention upon the line along which separation 
taking place, we notice here and there, reddish threads stretohc 
out between the dura mater and the false membrane, whic 
are forthwith torn across. These threads arc simply blooc 
vessels, passing from the dura mater into the false membraii 
where they break up into stellate ramifications. If we examix 
the membrane microscopically, we are chiefly struck by the in 
mense number of very wide and thin- walled vessels it contain 
The walls of these vessels, which can hardly be called ^'ciqaillary, 
exhibit a single, very fine contour ; their calibre is, on a 
average, from three to four times wider than that of ordinal 
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capillaries; moreover, they are irregularly dilated, bidging, 
and twisted now to one side, now to another (fig. 189, c). The 
substance in which these vessels run, and which is continuous 
throughout the whole of the false membrane, I am inclined to 
call mucous tissue. An accurate estimate of its true nature is, 
indeed, impracticable, owing to the variety of structures imbedded 
in it. I believe, however, that I have conclusively ascertained 
that its corpusctdar elements are spindle-shaped and stellate, 
connected with one another by anastomosing threads of proto- 
plasm ; that they are few in nimiber, on the whole ; that the 
basis-substance is homogeneous and transparent, but is rendered 
cloudy by acetic acid. 

As regards the origin of this &lse membrane, no one can 
demand that I should offer in this place a detailed recitation 
of the view propounded by Lancereaux, who has done so much 
for our knowledge of this disease ; he assumes the occurrence of 
a generatio cellularum (pquivoea. Neither can I adopt the older 
theory of German writers, who assume that the first rudiments of 
the formation are laid by a superficial haemorrhage, and that the 
false membrane is accordingly an organised extravasation. I am 
inclined rather to adopt the view first broached by Virchotc, and 
which has since been very generally accepted ; he regards the 
false membrane as an efflorescence &om the dura mater, and 
considers whatever haemorrhages may occur in the coarse of the 
disease as due to the peculiar structure of the membrane itself. 
The moat recent observations (those ot Kremian%ky) have taught 
us that the epithelium of the dura mater is slightly thickened at 
the edges of the false membrane, where it becomes continuous 
with its substance. Kremian^ky thinks himself obliged by this 
discovery to assume that the epithelium has some share, however 
limited, in the production of the membrane. Supposing this view 
to be confirmed, it would still be restricted in its application to 
the very first beginnings of the process. Besides, the subepi- 
thelial layer of the dura mater is undoubtedly the chief source of 
the morbid products. The pores open and yield a passage, first 
to embryonic cells (possibly emigrant leucoejrtes P), and then to 
vessels ; the former producing the lax connective tissue of the 
parenchyma, while the latter remain as the vesselB of tbe newly 
formed membrane. The chief stress must therefore be laid on 
the development and dilatation of the vessels ; for we may justly 
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regard tlie iiewly-developed capillar}' network as a direrticnlnm 
or safety-valve for the increased tension in the substance of the 
dura mater, due to its being actively congested. The less the 
unyielding density of the fibrous tissue allows of a pennanent 
increase in the calibre of the vessels and a deposit of young tissue 
round thorn, the greater will be the dilatation of the uewly-fonned 
vessels, which has only to contend against the general intra- 
cranial pressure. 

Fid. isa. 




Pailit meningiti-< clironicn, lucmoiTliagico. VtrtiLiI section 
tlirotigh tlie dura iiiatir and a stratifiod tfflorescenn on it- 
Hurfoce The dura mnter, wlucli coutouiit nn ortei'V and i 
%eui (((, «), the latter without am proiK-r wall, lit* lx,low a 
It 18 intiinnteh united witli the oldest hi\er of the ialfe mcm- 
lirane (n) The hitter reseniblen it in texture (b) Larei 
of luediuiu age, consisting of spmdle cell and round cell 
ti-^iic, stpnroted from (a) b* a, streal. of jiignwnt (/) (c) 
YiiUM^st, highly \a«;uhir efflorescence, Beimrated from (fc) In 
I thin Inrir of IiIoihI corpuacles ,Jj, 



§ 601 Before speaking of the haemorrhages which usually 
complicate the further course of the disease, I wJl brmg the 
histor; of the false membrane itself to a conclusion "When wo 
come across the mischief in a lat«r stage, we find the membrane 
made up of several distinct layers (fig. 189). The innermost one 
(r) exhibits (supposing the process not to have been otherwise 
arrested) the characters of the " priniarj' efflorescence" described 
ill the foregoing paragraphs. It is the youngest, last-formed 
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Iftyer. The next one (/i) differs froni it by containing an incom- 
jnraLly larger proportion of corpuscular elements ; its vesaela, 
too, are somewhat narrower. The third (n) and all the succeed- 
ing layers are made up of a web of tough, lustrous fibres of con- 
nective tissue, whose texture is almost as dense as that of the 
dura mater itself, from which it cannot be distinguished by 
the naked eye. The whole process is obviously analogous to 
those modes of organisation with which we became acquainted 
when studying inflammatory proliferation in general. The 
morbid products consist of connective tissue in every stage of 
development. The only point of special interest in the present 
case is that cicatrisation constantly renews the groundwork 
^adapted for the superficial eiBorescence — ^that groundwork, 
irhich was originally furnished by the dura mater itself. This 
ims to me to explain the rority of recovery from this condition, 
well as the intermittent progress of the disease. No sooner 
has organisation resulted in a certain contraction of the vessels, 
than the tension of the blood in the inflamed membrane demands 
a now safety-valve; and this is forthwith provided by the efflo- 
rescence of a new membrane, furnished with capacious blood- 
Tesaels. 

§ 692. We come uow to the consideration of those intercur- 
rent hsomorrhagos, already alluded to more than once, which 
pluy so prominent a part in the clinical historj' of pachymenin- 
gitis. It is 8elf-e\'idcnt that the arrangement of the vessels in 
the false membrane must almost inevitably lead to their rupture. 
Even the thinnest efflorescences, therefore, are usually studded 
with bloody points, which may reach the size of a lentil. The 
thicker the false membrane becomes, the larger grow the hteraor- 
rhuges ; until at last we find those pools of blood, as broad and 
thick as a man's hand, which used to be known as Umiintoiiif 
tlititv inatrh. All these extravasations, including the ha:(mato- 
nuita, are interstitial. The smaller bloody points are situated in 
the substance of the false membrane ; the larger ones are inva- 
riably found between the youngest, telangiectatic layer of the 
fidsc membrane on the one hand, and its older layers — or, when 
ihese are absent, the sui-face of the dura raater— on the other. 
The telangiectatic hiyer is stripped off by the efiused blood, 
fcrming a sac which, in the larger hiomatomatu, stretches over 
the clot like u fine cobweb. This used at one time to be con- 
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b, Lept^meningiiiA {Meningitis^ AraehnitiSy Hydrocephalus). 

I 694« Aldioogh the textores whoee hyperannic and inflam- 
matory conditions we are now abont to consider^ finm a con- 
tinnous whole, yet their s e parat e parts, the arachnoid, the pia 
mater proper, the choroid jdexnses, and the ventricnlar ependyma, 
present so marked an anatomical indiyidnality, that we cannot 
wonder at each of them phiying a part of its own in the disorders 
by which they are collectiydy afiected* To this we maat add, 
that they are seldom or never all inyolved at once ; at one time, 
it is the pia mater oyer the conyezity of the hemi^heres ( J&iteit* 
gitiM of the contextty^ Hydrocephaius externna) ; at another, the 
pia mater orer the base of the brain and in the Efylyian fissores 
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{Buxiiar nuntingitu) ; nguin, tlie disease may be restricted to the 
choroid plexuses and ventricular ependyma ( Ventricular ttvnin- 
ffUie, IlytlroefphaluK iiitrruun) ; and »ittce the localisation of each 
of these disorders corresponds roughly to the above-named natural 
divisians of the system, the pcculuirities of the latter give rise 
to certain characteristic local modifications in the former, which 
distinguish the indiWdual diseoaes from one another. 

I 695. Before going deeper into the subject, it seems ad- 
TtKable to devote a little space to Home general remarks on the 
variations in the amount of blood contained in the brain and 
pio mater. We must first of nil consider the influence exerted 
by the absolute limitation of the organ by the bony cranium. 
" For every quantity of fluid entering this space, a corresponding 
quantity of fluid must leave it; and vice versa." This would 
seem to entail a singular uniformity on the intracranial circula- 
tion. Since the pressure of the blood in the vessels would be 
directly transmitted to the parenchyma through the continuity 
of the surrounding fluid, the parenchyma, in its turn, being 
supported by the unyielding cranial bones, the contents of the 
skull (including the blood) would necessarily he everjTvhere 
exposed to the soma degree of pressure, and the circulation 
would be kept up solely by the difference between the tension in 
the carotids and vertebrals before their entrance into tho skull, 
and that in the interuul jugular vein. The flow of blood through 
the interior of the skull would therefore be regulated by the 
same laws as the flow of blood through rigid tubcA; any varia- 
tion in the calibre of the vessels would bo impossible ; the elas- 
ticity of the vascnkr walls would be absolutely purposeless ; 
-an unusual proportion of the tin a Irnjo would be transformed 
into heat by friction ; oscillations of tension, and especially any 
local rise of tension, u h^-peraomia or a hEcmorrhago, would be 
impossibli^, and so forth. Now oil these consequences arc actually 
realiiiod, up to a certain point ; we know that the walls of the 
intnicninial arteries are abnormally thin in proportion to their 
calibre ; {e.g. the calibre of the basilar artery is equal to that of 
the brachial, while its walls are barely one-third as tlticlc) ; the 
grout veins, the sinuses of the dura niat*r, rcnlly aro rigid 
tubes. Notwithstanding all this, the consequences we have 

I deduced tire not eomplftrli/ realised ; and this incompleteness can 
«nly be due to the fact that the cranial cavity is not absolutely 
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closed; and this we find actually to be the case. The spinal 
marrow occupies rather more than one-half of the foramen 
magnxmi; the interval affords a firee passage to the cerebro- 
spinal fluid. The latter can escape from the skull, when neces- 
sary for the turgescence of the cerebral vessels ; it can make its 
way back in the contrary event ; in short, it serves as a valve 
within tolerably wide limits ; and within those limits, we must 
admit the possibility of variations in the intracranial pressure. 
Increase of pressure, owing to hyperaomia and exudation, can 
only occur within a limited area, and up to a certain point. 
The limits of compensation afforded by the valve once reached, 
no further rise of pressure can be caused by the afflux of more 
blood; it can only be caused by the irresistible growth of a 
solid timiour ; and then it occurs at the expense of the cerebral 
blood-supply. The blood is driven out, or not admitted ; with 
the final result of causing the patient's death. We shall often 
have occasion to recal these facts, in connexion with many 
diseases of the brain. As regards hyperaomia and inflammation 
of the pia mater and its appendages, they only afford, for the 
present, an explanation of that restriction to particular tracts, 
on which, as a characteristic feature, I laid some stress in the 
foregoing section. 

§ 696. Acute hyperemia and sitpurative inflamma- 
Tiox of the pia mater over the convexity of the cerebral hemi- 
spheres will now engage our attention. This is the non-specific, 
often traumatic, rarely idiopathic form, popularly known as 
" inflammation of the brain." It consists of a tolerably well- 
marked congestion of all the vessels in the pia mater, together 
with purulent infiltration of the subarachnoid lymphatic spaces. 
The most striking point in connexion with it is the strict way 
in which the purulent exudation is limited to the parenchj-ma 
of the pia mater ; it never transgresses the arachnoid lamella 
which forms its outer boundar}^ The comparison of the arach- 
noid to a serous sac, formerly so popular, met with a severe 
shock from Lttschka's investigations* concerning the parietal 
lamella of the arachnoid ; it seems now to have lost its remain- 
ing adherents, owing to this verj' striking deviation from the 



* Luschka proved that the so-called parietal layer of tlie arachnoid was 
merely the epithelium of the dura mater. 
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superficial character of serous infla.mmations in general. To mo 
it seems as though this deviation were simply due to the 
presence of very distensible spaces immediately around the 
vessels. Hero, if anywhere, we may apply Cohnheim' « theory 
of inflammatory exudation (g 89). Even the naked eye can 
ehow us that the pus everywhere originates along the course 
of the vessels. Like a double streak of a ycllowish-whitc 
colour, narrow at first and growing steadily wider, the pus 
follows the edges of the vessels, especially of the large and 
snuill venous trunks which pour their contents into the longitu- 
dinal sinus towards the vertex. The longer the process lasts, 
flie nearer do the purulent streaks accompanying the vessels 
approach one another, till they finally coalesce ; the pia muter 
swells up as a whole ; it often acquires a peculiar stiffness, 
owing to the stretching of its fibrous bands, perhaps also to the 
coagulation of some lymphatic constituents of the exudation; it 
may then be stripped from the compressed and bloodless, rai'ely 

IBoftened, surface of the brain, together with the prolongations 
which it sends into the sulci — forming a solid mould of tlic 
cerebral irregularities. 
On putting a still transparent shred of the pia mater — one 
which happens to include a minute vein — under the microscope, 
we see, especially if it has previously been soaked in carmine, 
the appearances discovered by Cohiilmm in the peritoneum of 
the frog, most instructively displayed. The plastering of the 
intima with colourless corpuscles, and the invariably moderate 

» infiltration of the middle coat, are best seen in transverse sections 
made through hardened specimens ; to ns, however, the direct 
inspection of shreds of the membrane is of peculiar value, as it 
convinces us that every one of the pus-cells infiltrated into the 
pia mater has really emigrated from the vessels. Just outside 
the middle coat, the cells lie crowded together ; the farther we 

tieeede from the vessel, the less numerous do the pus-cells 
become; until at length we find meshes of connective tissue 
containing only one or two corpuscles, or even none at all. 
These appearances can only be cjcplaincd in one way. The pus- 
cells must be emigrant leucocytes. 

§ 697. AciTE nAstL.vR mesixgitis (also colled tubercular 

temingitis, because it is invariably associated with miliary 
berculosis) presents ns with a sum-total of morbid appear- 
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ancea differing in many ways from that just described. The 
inflammation of the pia mater is not the cenb^ point of the 
disorder; instead of it, we may have multiple hiemorrhages 
into, and red softening of, the cortical substance ; it is the fatal 
dement in the disease ; but yet it is a secondary one. The 
primary and essential phen(nnenoa is the development of a 
number of tabercles in that part of the pia mater which lines 
the fissures and sulci at the baae of the brain. These nodules 
are most abundant in the Sylvian fissure, where they originate 
in the sheaths of the arteries. This circumstance was fiilly oon- 
mdered in § 115, as a part of the general subject of Tuberculosis. 
Fio. 190. 




3 d^enenition. The miliai; nodules developed 
ui the adventitia, compna and narrow the Temel to Bome 
extent. 

But little stress, however, was then laid upon the narrow- 
ing of the vessel by the miliary nodule {see fig. 190). The 
latter not only projects outwards as a round, or at any rate 
roundish tumour, but it pushes the middle and inner coats of 
the vessel before it, making them protrude into its interior. At 
a later period, both these membranes are actually perforated by 
the growth of the tubercle. On cutting open a tuberculous 
TOoael in the direction of its length, and inspecting its interior, 
m notioe that at the point where a perforating tubercle is. 
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IntoBted, the usual longitudinal pleats of the intima, and tlie 
I txansverse striatioii due to the luueoulor fibres, are interrupted 
why a sharply circumscribed gap, through which the small cellti 
I'of the tuborculai' tissue pioject. So that not only does the 
tuberculosis cause narrowing of the vessela, but it likenise 
impairs directly the iiminese of their walls. We may conceive 
how this alone may give rise to the moat severe local distuj'b- 
I anoes of the circulation. The rise in the blood-pr^sure behind 
b- the point of obstruction must cause extensive collateral fluxions ; 
I the destruction of the inner and middle coats must lead to 
' extravasation ; and these risks will all be increased by the 
supervention of any acute congestion. I divide the course of 
the inflammation into two stages : during the first and longer 
stage, the tubercles are being gradually developed, and a moat 
favourable soil prepared for the inflammation ; while during the 
'., the udvent of an active congestion speedily ocea- 
flions uU the morbid appearances characteristic of basilar 
leningitia. 
§ 698. On removing the brain, we usually find free fluid 
I which has escaped from the ventricles, in the cranial cavitj-. 
I JUI the ventricles, particularly the two lateral ones, take part in 
^ the disease by serous effusion into their cavity (Hydroceplutlu-t 
I acH(m) and small sugillations in their ependyma. The depres- 
sions at the base of the brain are coated with a jelly-like exuda- 
tion, which fills and distends the mcahes of the pia mater ; here 
and there, a yellowish clot may be found lying upon the free 
surface. The sero-fibrinous infiltration extends to the Sylvian 
fissure, where it assumes a purulent character "in patches," 
without ever developing the typical appearances of suppurative 
meningitis. The pus is only present in narrow, yellowish stria;, 
which accompany the vessels, and appear to the naked eye to 
blend n'ith the far more striking tubercular proliferations. The 
latter, upon the Sylvian artery, are often a line in depth, cheesj' 
and friable; while on its smaller branches they are still, as a 
rule, grey, translucent and less prominent. A special feature in 
tubercular meningitis is the implication of the cortex cerebri. 
This depends partly on an eruption of tubercles upon all those 
vessels which penetrate " naked " from the pia mater into the 

I cortical substance, partly on a continuity between the infli 
tory infiltration of the pia mater, and the surface which it 
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dothefi. The outermost, irhite layer of the grey cortex, which 
eontains fewest corpuscular elemente, is densely crowded in 
patches with immigraDt (?) cells. On stripping off the pia 
mater, these iniiltrated products stick to it, and the surface of 
the brain presents a rough, eroded aspect. Of greater moment 
in every case are the tubercular degenerations of the vaaa 
propria of the brain. These extend to the very edge of the 
centrum of Vieiivieiu, causing mechanical impairments and lesions 

Fio 191 




Vertical eection thro fc,!" tl" I "> «iat*;r ■« I tl e adjacent part of 
the cortex cerebri n tubercular meningit a a A largish 
vessel of the [ la mater wliose sheath k entirel) filled with 
inilaminatory products b b Lymphatic spaces of the pia 
mater, showing the bej^niiings of a tubeicular proliferation 
of the endothelia ; c. Miliary tubercles in the pia mater ; 
d. The outermoBt layer of the cortex cerebri, infiltrated 
with round-cells ; e. Nonnol brain-subataiice ; // Proper 
vessebi of the bniiii-raatteT undergoing tubercular change. 

of the cortical substance, not only by obstructing the vessels, 
but mainly by the numerous extravasations to which they 
give rise. 

I have a case on record, in which the cortical substance 
around the fissure of Sylvius was in a state of red softening ; 
and this change coidd be readily traced to countless punctiform 
hannorrhages from the tuberculous blood-vessels of the brain- 
tissue. Sokitamki also alludes to extravasations caused by the 
growth of tubercles. 
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§ 699. VExors wxhestiox axd (inzM.*^ of the ima xateh. 
I Hydrocephalus exterxus. Protracted or often recurring irri- 
Riative hypera^mia of the bruin (Psychoses, Alcoholism) cuuses 
ft permanent atony and dilatation of the veins of the pia malcr; 
I'the resulting consequences coming all under the head of passive 
I'Oongestion and phleboctasy. That this is so, is clear from the 
dose analogy of those appcai-onces which follow raechanical 
I liindrances to the return of blood from the cranial cavity, as in 
VflirombosiB of the sinuses of the dura mater, &c. Accordingly, 
ttbe hyperemia is situated in the region of the cerebral veins, 
t along the longitudinal sinus. This sinus is either incapable of 
undergoing dilatation, or else its dilatation is prevented by the 
equable pressure of the soft, erectile edges of the cerebral hemi- 
spheres; at any rate, it shows no increase in its calibre. All the 
more marked is the distension of the six or eight pairs of large 
veins, which collect the blood from the entire surface of the 
hemispheres, and pour it into the longitudinal sinus. These are 
both elongated and dilated. Their elongation is manifested in an 
often extreme exaggeration of those spiral curves and nngulai' 
fiexures which their course presents even under normal circrnn- 
stances. The smaller twigs, imder the added influence of com- 
pression between the brain and the arachnoid, occnsioimlly 
exhibit the most extraordinary loops, figures of eight, &,c. The 
immediate result of this venous cetasy is an effusion of serous 
fluid, an cedema of the pia mater. The fluid is as clear as water, 
and contains but little albumen. It collects in the meshes of 
the pia mater ; it may be freely and tompletely evacuated by 
puncturing the arachnoid at a dependent point. Its amount is 
often surprising, when we reflect that the space in which it is 
lodged ought by rights to be occupied by verj' different matters, 
1 and can only be provided by compressing and pushing aside the 
I brain. Everj"lhing depends on the duration of the process ; we 
i also acquainted with sudden efiusions of serum into the 
meshes of the pia mater, with an acute tcdcma of (hat membnme, 
which may either subside rapidly, the fluid being roubsoibed by 
the veins, or else prove fatal by compression of the bruin. The 
issue is difiereut when the fluid collects slowly, when the bruin 
has time to accommodate itself to the abnormal state. The 
degree of compression to which this so highly organised struc- 
ture may submit, owing to its natural adaptability, is quite 
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$J 702. If we inquire into the cause of such cfiusions, into 
the essential nature of hydrocephalus, we must OAvn regretfully 
that we are still far from having a theory which embraces and 
•explains all the i)henomena. Virchoic is disposed, basing his 
view on the beliaviour of the ventricular ependjTna, to assign an 
inflimmiator}' origin to the process ; its analogies with acute 
hydrocephalus niiglit fairly be appealed to on the same side. 
For my own part, I am also disposed to appeal to acute hydro- 
•cephalus, but only in order to obtain a basis for further investi- 
gation. "We have seen that in acute hydrocephalus the effusion 
is due to interference wiih the circulation in the choroid plexuses. 
Whatever be the cause of this interference, it suffices to explain 
the occuiTcnce of efliision ; it is our duty, therefore, to examine 
the choroid plexuses in chronic hydrocephalus also, in the hope of 
discovering in them tlic source and seat of the disease. Now we 
find that the plexuses are invariably congested; on placing 
shreds of them under the microscope, we see that their surface 
is clothed with coimtless small, unbranched, but very vascular 
papillflc. Each of these papilla) consists of a thick layer of 
epithelial cells, investing a central stem almost entirely made 
up of blood-vessels. The epitheliimi presents in all its layers 
(from two to three in number) the wcll-knowTi forms described by 
Henk ; roimdly-polygonal elements, with thorny processes ex- 
lending into the interstices between adjacent cells, and pene- 
trating as far as the connective tissue of the papilUc. It would 
be more correct to say, as far as the vessels of the papilla) — ^for 
their membrana propria seems really to be the only connective 
tissue present ; I have never seen more perfect examples of epi- 
thelium-bearing vessels. We shall learn hereafter that the pro- 
duction of epithelium-bearing vessels is a local peculiarity — ^not 
■of the choroid plexuses alone — ^but of the "cerebral surface of 
the pia mater " generally, of which the surface of the plexuses is 
only a part. Very interesting tumours, which 'will be considered 
among the myxomata and psanmiomata, owe their existence to 
it ; and the history of cerebral cancer will show us that the 
heterologous production of epithelial cells is also connected with 
it, and is therefore less heterologous than it might seem to be at 
the first glance. 

To resume : the presence of such papillaD in certain parts of 
the choroid plexuses is so constant^ even in healthy persons, that 
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cannot attribute any importance to it, suvc where the uuralier 
tlie papillae is unusually great ; and even then, their connexion 
ith the abnormal amount of the cerebro-spinal fluid seems a 
remote one. I i\-ould lay far more stress on anj' h^^)el■a^mia, 
[owever trifling, whether active or passive, of the plexuses; 
calling the reader's attention to tbe fact, that it is just these 
hjper.tmiac and exudations, which, on accoimt of their immediate 
relation to the cerebro-spinal fluid — the safety-valve of intra- 
cranial pressure — might be expected to carrj- the day more 
readily than those in other regions of the cranial cavity. 

The importance of the alterations in the ventricular epen- 
d>Tna has, in mj- opinion, been much oven-ated. The ependj-mu 
grows thicker and more dense ; in certain regions, moreover, cj. 
upon the optic thalami, the fornix and the stria cornea, we find 
partial thickenings in the form of small translucent nodules, 
projecting from tbe surface lite dewdrops. Neither the general 
nor the partial thickenings, however, are in any way connected 
the vessels ; the ependyma — by which I mean the limitary 
■er of the neuroglia, apart from its epithelial cwtt — allows the 
Js of the subjacent parts of the bi-ain, with their main 
branches, to shine through it ; but it never contains any vessels 
of its own, and must therefore be regarded as a septum of per- 
petually increasing thickness between the free surface and the 

ibral vessels. When the ependyma is much thickened, it 
itains exquisite networks of stellate corpuscles ; the individual 

lents are often furnished with double nuclei, elongated and 
branching, chiefly in the direction of their long axes ; the inter- 
cellular substance is finely fibrous, and stratified in such a way 
that the fibres of the deeper layers appear in transverse section* 
to meet those of the more superficial ones at an acute angle. 
The beaded thickenings, which are also met with in the fourth 
ventricle apart from hydrocephalus, and associated with a great 
variety of clinical symptoms (epilepsy, masticatory spasm, im- 
jKiinnent of speech, &c-), are also entirely made up of fibrous 
tissue with very few corpuscular elements. 

§ 70.3. In connexion with internal hydrocephalus, some allu- 
sion must be made to what is known as wurrK soFTEsixt; ; ibr 
it is still uncertain whether this diange be \rholly due to " post- 
mortem maceration" of the bruin-substance in the hydi-ocephalic 
fluid, or not. The phenomenon itself woiild he the same in auv 
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case ; but thfe punctiform haemorrhages which are occaaioDaUy 
present can hardly be explained withoat some m a tergo--i,e. 
without circulation and life. The changes con^sLst in a aofkening 
and disintegration, first of the neuxo^ia, then of the nore- 
fibres. Than there originate, at various points of the ventrieolar 
surface, and especially in the posterior horn, shallow defU in 
the white matter, extending to a depth of finom one to two lines 
into the wall of the ventricle. Xo morphological elements^ such 
VA pus-ceUs, &c., are developed. 

r, Hfemorrhage. 

§ 704. Before going on to consider the hypencmic and in- 
flammatory states of the brain-substance itself, we shall pause for 
u moment midway between the pia mater and the brain — Lu 
we shall discuss some alterations in the cerebral vessels, and the 
various forms of cerebral hsDmorrhage ; for these axe variously 
and intimately connected with the inflammator}' states we have 
just boon studying, while a knowledge of them is an indispensable 
preliminary to the study of cerebral inflammation proper. 

Apart from traumatic extravasations into the so-called 
'' arachnoid sac," owing to the veins of the pia mater being torn 
from the longitudinal sinus ; apart from the rare cases in which 
fin aneurism has burst at the base of the brain, intracranial 
hfcmorrhago is always due to rupture of the proper vessels of 
the brain, i.e. of those which run in the cerebral substance 
itself. 

Morbid anatomists usually draw a broad line of diVi^^timi 
l)ctwocn massive and punctiform haemorrhages, according to the 
(juantity of blood poured out. This distinction is also an etio- 
logical one, inasmuch as massive haemorrhages are invariably 
])recedcd by disease of the vessels, while the punctiform extra- 
vasations are due to a greater variety of causes. Small bleedings 
occur in all cases of acute inflammation of the brain ; we are 
familiar with haemorrhage as a complication of hypensmic and 
inflammatory disorders of other organs, such as the serous and 
mucous mombrunes, &e. ; but nowhere are sugiUations so con- 
stant an accessory as they are hero. Again, the plugging of a 
small cerebral artery by an embolus, after causing congestion 
and stasis within the area of its distribution, gives rise to punc- 
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HTD hipmorrbage. Thirdly, cndoarferitia {S 215) affects the 
Imn-aiKe*! and smallest arteries, as well as the greater trunks 
kt the base of the brain. The vast majority of massive htemor- 
'bagos are due to a previous fatty erosion of those medium- sized 
igs of the Sylvian arterj-, which penetrate; throagh the iocrm 
'ahis antknt into the corpora striata. Bat endoarteritis 
ly also cause punctiform extravasations, though in a somewhat 
different way. The bleeding occurs from the arterioles, which 
are markedly dilat«d, so as actually to constitute fusiform 
nneorisms. Of course I am not alluding to those dissecting 
aneurisms, which are theraselves a not uncommon variety of 
punctiform hemorrhage (wr Psycho.ses)^ hut to a uniform dila- 
tation of the wall of the vessel, analogous to the true aneurism of 
the larger arteries. The vessels are converted into wide, inelastic, 
thin-walled tubes ; of the structural elements of their wall and 
their triplicate arrangement, hardly a trace remains. Instead 
of the inner and middle coats, we sec a limited number of flat 
luclei ; their nucleoli arc often double, and their edges notched 
id constricted ; hence wo may infer that proliferation is going 
The endothelium, ivith the inner and middle coats, have 
accordingly succumbed to a proliferative change ; their destruc- 
tion, particularly that of the middle coat, entails the loss of that 
constituent of the vascular wall which mainly enables it to pass 
from dilatation to contraction, and so to withstand the pressure 
of the blood. The wall of the vessel, stretched beyond all 
meaaure, gives way here and there, and allows the blood to 
escape. Fourthly and lastly, the Morbus maeulo^m Werlliofii 
(Purpura hamiorrhagica) manifest)^ itself in the brain by a 
number of punctiform ecchymoses. To sum up, then, we find 
that massive hicraorrhage is a result of atheromatous degenera- 
tion ; while the punctiform variety may either bo due to tilts, or 
to simple inflammatory congestion, or to embolism, or to purpura. 
S 705. The testural chonges associated with cerebral hmnior- 
rhage may be studied fiir better in the punctiform than in the 
massive variety. Accordingly, we will confine our attention, for 
the present, to the former. In punctiform htrmorrhage, only a 
minute quantity of blood appears on the outside of the vessel, 
where it collects in the form of a spherical drop. The bleeding 
is kept within these narrow limits by the rapidity with which the 
resistance of the surrounding nerve-tissue, augmented hy the 
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extraTasation, becomes equal to the intra^-ascular tension. This 
explanation is even better suited to those punctiformliscmorrhages, 
peculiar to the psychoses, in which the blood does not get actually 
outside the vessel, but, restrained by the detached and bulging 
adventitia, forms what is known as a dissecting aneurism (see 
§ 714). There can be no doubt that here the arrest of the 
bleeding is mainly due to the reaction of the extravasated blood, 
aided by the tension of the adventitia. But in the free variety 
of haemorrhage also, the minute orifice in the wall of the vessel, 
caused by a momentary separation of its tissues, is immediately 
closed. This is the form of haemorrhage known to the older 
^Titers as " diapedesis." 

Punctiform extravasations are invariably multiple ; their 
naked-eye appearance is partly denoted by their name, partly 
modified by the special cause to which they happen to be due. 
In piirpura and the diffuse inflammations of the cortical substance 
(Psychoses), we find the bloody points uniformly distributed 
throughout the brain-substance or cortex cerebri ; in all other 
cases, the morbid appearances are limited to isolated patches ; 
we can distinguish between a central region which is most 
severely affected, and a peripheral zone in which the morbid 
appearances decrease in intensity from within outwards. It is a 
singular fact, moreover, that the first of the morbid appearances, 
those which immediately follow the haemorrhage, are the same, 
whether we have to do with a circumscribed inflammation, with 
an embolism, or with degenerative changes in the vessels. We 
find the brain-matter studded with bloody points over an area of 
from a quarter to one square inch or more ; their size is xerv 
uniform, but they increase in number towards the centre of the 
affected part, where they are ver}' closely crowded. The brain- 
substance, partly displaced, partly compressed, exhibits a slight 
reddish discoloration round each of the bloody points ; where 
these are crowded, the reddish areolae coalesce, so that the 
affected part, on a cursory examination, presents the appearance 
of a reddish-yellow patch, dotted with a large number of bright 
red points. 

§ 706. Passing on to consider the further destiny of the 
extravasated blood, we come, in the first place, to distinct proof 
of its coagulation. In the interior of each drop of blood, we 
find the well-known network of coagulated fibrin, in whose 
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Babes tiie blood-corpuscles lie; moreover, we notice u mem- 

rane whict invests each globule, and forms b capsule round 

This membrane is of variable, though never of any great 

liicknesa. aad consists of a soft, originally homogeneous and 

msiucent substance. It is quite plain that these apiioarance)^ 

e due to a secondary precipitation of some albuminous sub- 

ince at the periphery of the extravasation, having nothing 

latever to do with the coagulation of the fibrin ; but if so, we 

must find some explanation of its real nature. Now I think 

that a simple application of the results arrived at by Akr. 

Schmidt, with reference to the development and precipitation of 

fibrin — results which I have embodied in § 186 — will satisfy all 

our requirements. The encapsulation of the effused blood would 

thus he due to a precipitation of fibrin — the fibrinogen being 

supplied by the nutrient fluid which bathes the clot, while the 

fibrino-plastic matter is derived from the blood- corpuscles. This. 

fibrinous capsule is always present ; I insist upon its i-eal nature, 

because I believe it ha.? often been misinterpreted. If we confine 

ourselves to the examination of sections from a patch of puncti- 

form apoplexy which has been previously hardened, we may 

readily mistake the capsule for the wall of a vessel distended 

with blood and cut across transversely ; we should thus extend 

unduly the domain of interparietal hiemorrhage. We ought 

therefore to assure ourselves, by the examination of shreds 

teszed out and treated with glycerine, that the bloodj- point* 

are really susceptible of being isolated in the form of spheroidal 

■'^ohidcs, each of which is enclosed in a proper capsule. Oii 

^faessing down the covcring-gla.ss gently, the capsule may he 

Ruptured, and the blood -corpuscle.^ contained in it squeezed out. 

■'We then have the empty shell remaining, in whose interior we 

Bean now recognise the fibrillar reticulum of the original fibrin. 

I S ~07. Up to this ]>oint, all cases of punctiform ha'morrhagf 

' Tun the same course. From this point, however, they diverge, 

and the apoplectic part advances towards one of three issues : 

yellow softening, suppuration, or direct organisation. This 

diversity is partly due to the cause of iho le.sion, partly to the 

behaviour of the brain -matter. C'f the new morbid apjiearances 

which come before us, one only, sc, cicatrisation, is exclusively a 

iiit of apoplexy ; the remaining ones stand on a broader baaix, 

r they may bo caused in other ways aa well ; they will aceord- 

[ VOL. 11. 
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ingly be described, either under inflammation of the brain (red 
softening and suppuration), or independently (yellow softening). 
Here, therefore, we may confine ourselves to the " direct organisa- 
tion " of the apoplectic focus. This is naturally divided in the 
case of each individual extravasation, into the organisation of 
the capsule and that of its contents. 

To take the latter first : I used at one time to teach that 
colourless corpuscles gradually took the place of the red ones. 
This change occurs without any rupture of the capsule ; it seemB 
as if the red corpuscles were directly transmuted into white ones. 
I still maintain this view, which I have confirmed experi- 
mentally; though I quite admit that owing to the migratory 
powers of amceboid cells, which have been discovered in the 
meantime, the idea that they may have entered the capsule from 
without has acquired probability and deserves further considera- 
tion. When once the red corpuscles have all been replaced by 
leucocytes, there is nothing to hinder the direct conversiott of 
this embryonic tissue into fibrous connective tissue ; this accord- 
ingly ensues, the fibres being arranged in concentric laminae. 

In the meantime, the capsule has also become organised; 
interstices are seen, running parallel with its surface, which 
divide the capsule into several strata or lamella) ; connective- 
tissue corpuscles (probably immigrant leucocytes) make their 
appearance in these interstices ; finally the connective tissue of 
the capsule blends with that in its interior to form a tough nodule 
of relatively small size. 

The course of these changes is modified only where the 
bloody points are so closely crowded that the adjoining capsules 
touch one another. Under such circumstances, I have observed 
an intimate coalescence and ftision of the capsules, the final result 
of which IS a sort of cavernous tissue whose meshes are filled with 
clear serum. Now as these meshes formerly contained the extra- 
vasated blood, we may fairly inquire what has become of it. On 
this point I have no valid opinion to offer. 

§ 708. So much for the metamorphoses which punctiform 
extravasations undergo. Let us now endeavour to apply the 
knowledge we have just gained to the explanation of the phe- 
nomena presented by massive haemorrhages. Suppose that one 
of those larger branches of the Sylvian artery which penetrate 
into the corpus striatum from below has given way ; the blood 



liaa nished througli the opening in a mighty flood, and has torn 
np the brain-matter in every direction. Tt has forced its way 
outwards into the centnim of Vii'iiment. It hits dinpluced the 
optic thuliimua inwards ; it has first elevafed the corpus striatum 
ond then perforated it at several points, escaping into the lateral 
TentricJe. Tho region of the lenticular nucleus is occupied by a 
pool of blood, t«-o inches long and half an inch in breadth and 
depth. Tho demand for space which such a condition nocea- 
•arily involves, is satisfied partly by the total expulsion of the 
cerebro- spinal fluid, partly by the blood being squeezed out of 
the cerebral vessels; when we strip tho dura mater from the 
sirrfuca of the brain after death, the sulci are seen to be efiacod, 
the gyri flattened, uud all the veins about tho vertex so com- 
pletely emptied, tliat their finer branches are no longer visible to 
the naked eye. We may well ask whether death is not inevitable 
in cases of hajniorrhage so extensive. But I would remind the 
reader, that it is just in cases of massive bleeding into the broiu 
that the possibilit}' of repair (as regards the individual lesion) 
lies within very wide limits. Tho first shock once tided over, 
the mere coaguUtion of the olliised blood brings aomo relief to 
the compressed brain ; the clot conti-octs powerfully in all it« 
dimensions; and although the functional troubles due to the 
rupture of so many important communications between the 
central and peripheral organs of the nervous systfou persist for 
u long time, the blood is nevertheless readmitted into the vessels 
comparatively soon, and the risk of death from lock of nourish- 
ment for the brain ia thereby wai-ded off. The repair of the 
lesion seta in without delay. Here too, the first step is the 
formation of a fibrinous capsule round the entire [jeriphery of 
the clot; this capsule indeed, is thicker in proportion to the 
greater quantity of fibrinogen and fibriuoplurtic matter which is 
at hand. All writers are agreed in affirming the existence of 
this capsule. It is originally a line or more in thickness; soft as 
jelly, und of a tranislucenl yellowish tint. At a later period, it 
undergoes a metamorphosis analogous to that of the capsules in 
the punctiform variety of hu}morrhage ; it becomes converled 
into a far thinner, but on the other hand far stronger layer 
fibrillar connective tissue, which permanently shuts off the apo- 
sctic deposit from tho surrounding brain-tisaue. We know 
mparatively little about the changes which the eflused blood 
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undergoes. The haomatin is dissolved, and often soaks the 
tissue round the clot to a considerable distance, until at last it is 
taken up and removed by the vessels. A portion of it is con- 
verted into pigment, which remains in the cicatrix in the form of 
yellow granules and crystals of haomatoidin. The rest of the 
blood is converted into connective tissue ; though its quantity, 
as in arterial thrombi, is most insignificant. Scanty as it is, 
however, it suffices to glue the opposite walls of the capsule 
together, and so to convert the entire deposit into a simple strip 
of connective tissue — a cicatrix in the usual sense of the word. 
This result, however, is very rarely accomplished. More com- 
monly we find, not a strip of connective tissue, but what is 
known as an "apoplectic cyst"; i.e. the walls of the secondary 
capsule do not collapse, the interval between them being filled 
with a clear, straw-yellow or colourless fluid, in which the con- 
nective tissue resulting from the organisation of the clot itself is 
suspended like a thin, gauzy veil. To explain this modification, 
we must recollect the necessity which exists, that the huge gap 
in the cerebral tissues should be replenished ; accordingly, these 
cysts are only met with in the interior of the hemispheres, where 
the gap cannot be otherwise filled up ; while the rarer apoplectic 
deposits on the surface of the brain form simple cicatrices, the 
resulting depression being taken up by a small quantity of 
meningeal serum. 

As regards the changes undergone by the brain-matter in 
the immediate vicinity of the clot, I need only say that the 
portion actually torn or broken up is liquefied by fatty metamor- 
phosis and then removed ; to this point we shall return under the 
head of yellow softening. It would be interesting to know 
something more about the mode of sequestration — the isolation 
of the whole from the injured parts ; at present, however, we 
have no information on the subject. 

d. Encephalitis, — Myelitis, 

§ 709. I have touched elsewhere on the grounds which may 
in some measure explain the singular fact, that all inflammations of 
the cerebrospinal substance, except those due to functional irrita- 
tion, tend to limit themselves to the smallest possible areas (§ 688). 
I must now reassert the fact, calling the reader's attention to the 
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marked contrast as regards extent, acuity and symptoms, wliich 
exists between what is popularly known as " inflammation of 
the brain" (Meningitis), and true inflammation of the. brain- 
substance. The latter is always due to a wound or injury in 
the widest sense of the term, i.e. to some local irritation of 
extra-cerebral origin. The skull may have been struck or 
shaken ; it may have been penetrated by a cut or stab which 
has directly damaged the brain, or a focus of inflammation and 
suppuration, originating in the neighbourhood of the brain, may 
have been propagated to its tissues at the point of contact ; or 
finally, the plugging of a vessel, atheromatous disease, &c., may 
have caused a circumscribed pimctiform hsemorrhage, followed 
by inflammation as a secondary consequence. 

§ 710! In encephalitis and myelitis, the behaviour of the 
proper parenchyma of the brain and cord is the main point to 
be attended to ; this is usually said to imdergo purulent lique- 
faction ; and the assertion is so far true, that a deposit of pus is 
ultimately found in the place of the cerebral substance. But 
the statement throws no light on the way in which liquefaction 
occurs. And no exhaustive theory can be expected in the 
present anarchical state of our doctrines concerning suppuration. 
We can but express suppositions, keeping a firm hold on indi- 
vidual facts of unquestioned certainty to serve as guides. Among 
these I include the passive behaviour of the nervous elements 
in the suppurative process, and the intense activity of the 
vascular system in every stage of the disease. The nerve-fibres 
within the afiected area, are partly suspended in the pus as 
disconnected fragments, partly protruded from the walls of the 
cavity in a state of advancing maceration and decay. I have 
not been able to detect any traces either of fatty or of granular 
degeneration in them; drops of myelin separate from their 
surface ; the axis-cylinders grow thinner by degrees and finally 
disappear. The ganglion-cells of the afiected part become 
darkly-granular and break up into splinters ; I have often re- 
cognised well-marked fragments of them in the pulp. The 
behaviour of the ganglion-cells in the immediate neighbourhood 
of the focus will be alluded to later. 

The coarser appearances of the disorder, and perhaps also its 
finer details, are in great measure accoimted for by the peculiar 
way in which the vascular apparatus is involved. The intense 



326 MORBID ANATOMY OF THE NERVOUS SYSTEM. 

hyperajinia which ushers in the morbid changes invariably gives 
rise to a large number of minute ecchymoses ; these, of course, 
are equally numerous when the hsDmorrhage is the primary and 
the inflammation the secondary phenomenon. Should the 
afiected part imdergo softening and purulent liquefaction, the 
extravasated blood mingles with the pulp, giving it a more 
or less intense red colour. Hence the name red softexing, so 
generally applied to parts affected by encephalitis and myelitis, 
but which, of course, is equally applicable to other cases, in 
which similar effects are produced by very different causes. The 
presence of pus is characteristic of the inflammatory form of red 
softening ; so too the presence of an areola, from one to two 
lines in width, round the focus of. softening, in which the paren- 
chyma is studded with numerous bloody points, and swollen by 
a commencing purulent infiltration. 

The most important of all the questions which arise during 
the study of encephalitis, is that concerning the source of the 
pus. And this has not yet been satisfactorily answered. Mey- 
nerty on the strength of his microscopical researches, assumes 
a suppuration of the ganglion-cells by division and endogenous 
proliferation of their nuclei. My own investigations have taught 
me that the pus first collects roimd those vessels from which 
extravasation has occurred. In transverse sections of encepha- 
litic foci (red softening), hardened in preservative fluids, we 
find these vessels girdled by a relatively wide areola of pus-cells ; 
and by dint of careful management, we may even pidl vessels 
coated with pus — frunished with regular sheaths of pus-cor- 
puscles — out of the recent specimen. Finally, we may also see 
in transverse sections that the pus has actually pushed the 
extravasated, but still fluid, blood away from the vessels, the 
blood-corpuscles forming a ring roimd the pus, instead of a 
globular drop. This would lead us to infer that the pus was 
generated by the adventitia, or furnished by the emigration of 
leucocytes. Nevertheless I am loth to refuse the power of gene- 
rating pus to the neuroglia ; I am quite sure that it is capable 
of producing corpuscular elements (solitarj^ tubercles, gliomata) ; 
and though I regard the results of my inquiries, just given, as 
trustworthy so far as they go, yet I do not consider them 
exhaustive. 

Outside the actual deposit of pus, we find (though not inva- 
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riahly), a. zone gf cedema, in which, according to Mvi/iicrt\ 
investigations, the nfrvouB us well as the non-nervous element* 
undergo a series of changes, wlioso interest is enhanced h\ 
tho fiict that Mryiwii secmH disposed to attribute to them u 
ooQiudemble share in " chronic inflanmLation» of the bratn," as 
he justly terms the psychoses. In these ganglion-oella, MeijnrrI 
deacribea a vesicular deformation of the nuclei, a nuclear fiswioii 
oither simple or repeated, a dropsical enlargement and ii 
AclerosLS, and finally a molecular disintegration and obsolosceucv 
of the body of the coll. Of these metamorphoses, the dropsical 
enlargement of the nuclei and cells may be regarded as poeuliar 
to red softening; the sclerosis has already been described by 
Rohitaimiti under the name of "colloid transformation." The 
protoplasm is much increased and assumes a homogeneous, 
highly -refractive quality ; the entire cell looks fuller, and its 
processes become swollen and dubbed. The nucleus disappears ; 
the nucleolus may even precede it. Meynerf tries to explain this 
ocmdition as an infiltration (of the cell) with protngon, the main 
oonstituent of the nene-medulla, discovered by Lwbrekh. These 
changes, with the exception of the nuclear fission in the ganglion- 
cells (which I have never been able to demonstrate with satis- 
fuetion to myself), are all of a retrograde character; we might 
add the calcification and excessive pigmentation described by 
Fomt'-r, the former of which is also met with round old patche.^ 
of enoephalitij ; here too, however, we may assure ourselves 
that the part taken in the disorder by the nervous elements is 
an entirely passive one. 

§ 711. We have no positive data oonceming either the pos- 
sibility or the modus ojnTamli of repair after recent enceiihalitis. 
Still, I think it likely that certain forms of yellow softening, as 
well as of the so-called " apoplectic cysts," may prove to be the 
final result* of encephalitis. In that case, the yellow softening 
would represent au arrest of the process, the apoplectic cvst a 
cicatn'sation ; both wunld, however, be "modes of repair" us 
4X)ntrasted with the liir more usual issue of the iufiammatory 
I -changes in aiistess op tiir braix. In the ibregoing paragraphs, 
Uwmething has boon already said about the way in which tbi-. 
is brought about; and it was with especial reference to 
bi-al abscess that 1 left the question conoerning the partici- 
rtion of the neuroglia open. The essential feature in the pro- 
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duction of what is known as an '' abscess" of the brain is a tough 
capsule of connective tissue, which shuts off the pus on every 
side from the brain-substance. This capsule, which may even 
be half-a-line in thickness, passes so continuously into the sur- 
rounding nervous tissue, that the idea of an independent produc- 
tion of connective tissue from the nervous matter suggests itself 
spontaneously. We must leave this interesting problem to be 
•8olved by experimental researches, such as have been already 
prosecuted in this field (Leidesdorf and Strick^ir), but which have 
not yet touched the root of the matter, nc. the source of the 
inflammatory corpuscles. For my part, I can offer an accurate 
•description of the appearances presented by an abscess of 
old standing ; transverse sections including the capsule and the 
nervous parenchyma in contact with its outer surface, and ex- 
tending well into the healthy tissues, were examined. I shall 
take the appearances in their order from within outwards. The 
pus is of a greenish-yellow hue, synovia-like in consistency, 
usually acid, inodorous and very bland, without any tendency to 
•decomposition. The pus-cells are, for the most part, multi- 
nuclear ; possibly owing to their prolonged maceration in a 
feebly acid medium. The surface of the lining membrane is 
smooth. It derives a yellowish-white, opaque aspect from a 
continuous, tolerably thick layer of cells imdergoing fatty dege- 
neration. Next to these is a layer of regular embryonic tissue, 
which makes the surface imeven and wavy, owing to its thickness 
not being uniform. The embryonic tissue is continuous externally 
vnth a very loose spindle-cell tissue, which is distinctly stratified 
in a direction parallel to the surface, and only allows a fibrous 
band to penetrate obliquely into the summits of the hillocks of 
embryonic tissue here and there. This layer consists throughout 
of the most perfect spindle-cells ; each apparently simple fibre 
may be recognised as a fibre-cell on more careful inspection, so 
that it would really seem as if, in this instance, all the connective- 
tissue fibres in the next layer had originated from spindle-cells. 
•Of the proper fibrous layer of the capsule, on which the varying 
thickness of the whole membrane depends, there is little to be 
said. Besides the fibres, it contains a large number of cells, 
some roimd, some caudate. These increase in number towards 
its outer surface, where they are actually in excess of the fibrous 
4)lement8 and for the most part assume the character of fittty 
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-granule-cellsy thus forming a second zone of fatty degeneration 
wliich separates the walls of the abscess &om the nerve-tissue. 
I assume that the pressure of the growing abscess, while causing 
41 certain reaction on the part of the surrounding tissues in its 
capacity as an inflammatory irritant — a reaction manifested by 
the proliferation of large numbers of young cells — also hinders 
the due filling of the vessels, which it can easily do imder the 
peculiar conditions governing the intracranial circulation. Fatty 
degeneration of the newly- formed cells is the result ; a zone of 
yellow softening between the capsule of the abscess and the 
brain. The softening, however, never amounts to a complete 
^ution of the parts ; we can readily assure ourselves that the 
softened tract is permeated by a network of coarse fibres, which 
unite with the capsule on the one hand, with the nerve-tissue on 
the other. These fibrous bands are bundles of primitive nerve- 
tubes, enclosing a few ganglion-cells when the lesion is situated 
in the grey matter ; they are compressed, and rim parallel to 
the surface of the abscess, a position which they can only have 
adopted imder the pressure of the abscess itself. It is only when 
the capsular membrane is stripped from the brain-matter, that 
they are stretched out in the form of a network. The soaking 
they have undergone in the pulp has isolated the individual 
fibrillar most beautifully; the ganglion-cells arc squeezed flat, 
and here and there converted into long spindle-shaped or ribbon- 
like forms ; their axis-cylinder processes are mostly intact ; the 
only sign of atrophy I could detect, was a gradual loss of bulk 
(obsolescence, Meynert), not a fatty, colloid, or other specific 
metamorphosis. The neuroglia, in its old form, has wholly dis- 
appeared ; it has been converted into the young cells and their 
equivalent — the fluid products of softening. On attempting to 
trace the beginnings of the lesion farther into the surroimding 
nerve-tissue, our search will, for the most part, prove fruitless ; 
it is only here and there that I have been lucky enough to 
observe the first division of the neuroglia-nuclei ; I do not 
scruple, however, on the strength of these, and of analogous 
observations on other morbid processes, to conclude, at least pro- 
visionally, that the stratum of connective tissue which isolates 
the abscess, together with the intermediate layer of cells which 
are undergoing fatty degeneration, is entirely derived from the 
neuroglia. 
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The phenomena of acute myelitis leading to abscess, are 
exactly similar to those of encephalitis. The form of the affected 
part varies with the injury. Fractures of the spine usually crash 
the cord; inflammation and suppuration taking place round the 
crushed part and isolating it from the healthy tissue. 



c, Hypercemia ami Inflammation in Psychical disorders. 

§ 712. Meyncvfs* striking researches into the pathological 
histology of the psychoses, vindicate a prominent place for the 
nervous elements of the cortical substance in the morbid anatomv 
of these disorders. Meynert attempts to prove that the various 
kinds of excitement correspond to demonstrable changes in 
definite groups of ganglion-cells. We can only wish that more 
and more reliable data should be collected in this direction.t 

There are no a j)i*ion groimds for opposing the physiolo- 
gical claims of the nerve-tissue to be the primary seat of 
the psychoses. Unfortimatcly, however, what evidence morbid 
anatomy may have accimiulated on this subject, points still 
to abnormalities in the distribution of the blood, with their 
consequences, as the essential anatomical groimdwork of all 
p^chical disorders. It is only because the various authors who 
have turned their attention to this subject have each bestowed an 
exclusive attention on some one feature of the structural altera- 
tions, that the mutual connexion and interdependence of the 



♦ Dr. Theodor Meynert : Der Bau der Grosshimrinde imd seine ortlichen 
Yerschiedenheiten, neb^t ciuem patkologisch-anatomischen CoroIbiziiniL 
Vierteljahischiift der Paychiatrie, 1867. Heft i. p. 77. 

t Meynert bases his views on u certain noniber of highly valuable Jbcts 
concerning the structui*e of the grey matter of the cerebrum. He shows 
that that inflected edge of the cortex cerebri, which, invested on both sides 
by medullary substance, forms the uncinate convolution (subieulum ecmu 
Ammonis) and the hippocampus major, contains only mnltiple pyismidal 
— 80-caUed motor — ganglion-cells ; that the olfactory lobe (nradi less 
developed in man than in many mammals) contains only smaller, Tounded 
— ^so-called sensor}' — ganglion-cells ; that the claustrum, amygdaloid nucleus, 
and wall of tlie Syh-ian fissure, are chiefly provided w*ith fusiform nerve- 
cells connected with the fibiiB arcuatse of Arnold, &c. He refers these local 
dilTerences, whose existence no one can dispute, to differences in fimction, 
and goes on to anticipate that their recognition will shed an important light 
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Tarious phenomena hare nerer been placed in a sufficiently 
clear light. 

§ 713. Accordingly, we must concentrate our attention 
almost entirely on a chronic hj^pencmia of the cortical substance, 
as the common foimdation of all further mischief. In most cases, 
and at a certain stage in all, we may regard this hyperamiia as 
functional, as identical with that active congestion of the glands 
and membranes which coincides with every exaltation of their 
activity. Every functional hj'peraDmia is characterised by its 
localisation in the capillaries — the vessels which are most imme- 
diately in contact with the active elements of the organ — and bj' 
its periodicity. The latter feature reflects the functional ex- 
haustion of all organs, their diminished excitability, their need of 
repose and restoration. Suppose, however, that some violent or 
artificial stimulus prevent the apparatus from enjoying the neces- 
sary rest? There is such a thing as over-excitement of the 
organs ; and to this, the central nervous system is peculiarly ex- 
posed. Who does not know the feeling of " outwatching sleep " ? 
The over-excitement of the brain may be repeated several times 
at continually shorter intervals. It may be caused by emotion,^ 
by overwork of the intellect or the imagination, by bodily 
stimulants. A congestion of the cortical substance, of propor- 
tionate duration, undoubtedly coincides with this state of over- 
excitement ; and this is the point from which we must set out in 
order to gain an insight into the etiology of the psychoses. 

Congestion is usually divided into active and passive. The 



ui>on the morbid anatomy of the i>9ycho8e«. Unfortimately the very first 
Ktep in this direction, taken by Meynert himself, can hardly l)e called u 
happy one. He seUt oat from the aMertion that the nucleuB of a nonnal 
ganglion-cell is in mime measure prolonged into its processes, and retained 
in them, so that it ought not to be viewed as naturally round, but rather an 
angular, with thoniy projections. Hence the rounded fonn of the nucleus 
must be regarded us abnonnal — as the first link in a chain of alterations 
which ultimately lead to fission of the nucleolus and nucleus, &c. It may 
be objected to this, that in the freshest attainable specimens of ganglion - 
cells, the naclei are all of them round ; so that when the nuclei, in prepam- 
tions wliich have been hardened in chromic acid, api>ear to be for the mont 
part not round, but fusiform or pyramidal, this change of form ought to Im; 
ascribed simply to the <«hrinking of the surrounding protoplasm, i.e, of thi* 
fibrous substencc (ikhiUtite) of the ganglion-eells. 
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two forms, however, touch each other at several points ; they 
often actually pass into each other, as we saw e.g, in § 510 ; or 
one of them may complicate the course of the other as an inter- 
current phenomenon. This last case presents itself, inter aUa^ 
when an active fluxion, due to any of the usual causes, culminates 
in a great and imiform over-distension of the capillaries. The 
absolute excess of blood present in the affected capillary area 
actually hinders its own forward movement by its weight ; to 
overcome this obstacle, there is the increased vis a tergo conse- 
quent on distension of the arteries, and the unhindered efflux 
through the veins, which are readily susceptible of dilatation ; 
these, indeed, are the means by which the impediment is usually 
overcome ; but they in nowise alter the fact, that during the 
course of active congestion a passive element developes itself, 
which resists the subsidence of the abnormal state. And this 
element will be all the more effective in proportion to the violence 
and duration of the hj'pera}mia, in proportion as this is concen- 
trated in the capillaries, in proportion to the thinness and yielding 
quality of their walls. Now the capillaries of the cortex cerebri, 
like all the intracranial blood-vessels (§ 695) are exceptionally 
delicate ; moreover, the peculiar relations of pressure and reaction 
which subsist in the interior of the skull (§ 695), enable us con- 
fidently to adopt the notion of an exclusive, or at any rate pre- 
dominant concentration of the hj'perajmia in a certain definite 
section of the vascular system ; in the present case, therefore — 
one of fimctional irritation of the cortical substance — in the 
capillaries and arterioles of the cortex cerebri. 

It cannot surprise us, therefore, to find that the passive 
element so introduced should manifest its worst effects in the 
case of cortical hypencmia. A long-continued, or often-recur- 
ring, or very severe congestion will here, more than elsewhere, 
cause a sort of stasis ; this, again, leads first to over-distension, 
then to atony of the vessels. Just as a piece of gutta-percha, 
when over- stretched, rcsimics its previous form only by slow 
degrees and imperfectly, so with the elastic and contractile ele- 
ments of the small vessels. Once the distension has become 
habitual, corresponding organic changes are set up in the walls of 
the vessels — changes which render a return to their normal 
calibre — at first only a matter of time — quite impossible ; and 
this is the first step towards making the mischief incurable. 
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This theory of the origin of acute psychoses has grown up 
gradually in my mind from the histological investigation of the 
cortical substance. I must leave it to the clinical physician to 
refer the remaining causes with which we are acquainted {e,f/. 
age, hereditary transmission, cranial development, variations in 
the calibre of the venous apertures, diathesis, acute disease, 
alcoholism, sexual excesses, poverty and privation, intracranial 
tumours, injuries to the head, and so forth), either to increased 
irritability or to increased irritation of the cortical substance, or 
to a diminished capacity for resistance on the part of the vessels. 
I shall now proceed to describe the histological changes them- 
selves, adopting the customary division of insanity into two 
stages, the acute and chronic. 

§ 714. I. Acute conditions. These may either be appre- 
ciable at the first glance, or they may be difficult of recognition; 
yet they always admit of being recognised if the examination 
be conducted with sufficient care. It is a fact, hitherto unex- 
plained, that the cerebral capillaries are found more empty after 
death than those of any other organ. This is the case even 
when they have been over-distended during life. We must not 
therefore attach too great an importance to the direct evidence 
of hypenemia. A slight flush of the medullar}' substance, a 
faint tinge of red mingled ^idth the usual grey hue of the cortex 
cerebri, must be taken as verj' significant indications ; where 
even these are lacking, we must not jump to the concliision that 
they did not exist during life. We are thus thrown back upon 
indirect evidence. And here the ease with which the blood 
escapes from the cerebral vessels comes to our aid. The problem 
for the histologist resolves itself into the detection of antecedent 
haemorrhages. Now we find cases of acute insanity, especially 
of mania, in which the cortical substance is studded throughout 
with mmiberless minute extravasations, and may even present 
patches of red softening here and there. Under these circum- 
stances, there can be no difficulty in pro\'ing that hoDmorrhage 
has occurred ; hence we may infer the existence of hj'penemia 
during life even though, as is generally the case, no traces of it 
may remain, and the vessels be as empty as if no drop of blood 
had ever flowed through them. I have already described the 
punctiform variety of haDmorrhage, and red softening, verj' fiilly ; 
now therefore, I need only allude to a few peculiarities which 
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«1iaracterise these changes as they occur in the peychoses. First 
then, as regards the pimctiform hiemorrhageB ; these mostly take 
the form of dissecting aneurisms of the smallest veins (fig. 192) ; 
i.e. the blood, after bursting through the inner and middle coala 
of the vessel, burrows between the latter and the nnruptored 
udventitia, forming a spindle-shaped swelling of a dark Uood- 
red colour upon Uie TesseL In transverse sections, the efibaed 
blood has the form of a round drop ; and as the detached adven- 
titia may easily be mistaken for a peripheric capsule of eoaga- 
lated fibrin, the detection of the central vessel is indispennbly 
necessary to insure us against confounding these minute aueor- 
isms witii free extravasations. Not that the distinction is of 
any great moment ; iree and interparietal haemorrliages usually 




Dissecting aneuriBin of a minute vein, just before the Utter 
breaks up into vapillsries. The advcntitia, known by it« 
nuclei and single, sharp contour, is stripped from the inner 
coats by on exttavaaation of blood, jitg. 

occur together; only, as has been already stated, in circum- 
scribed encephalitis the free variety, in diffiise encephalitis (to 
which, from our present point of ^4ew, oil p-'ychical disorders 
must be referred) the interparietal, predominatoi. 

As for the red softening of the cortical substance which is 
met with in maniacal patients, stress need only be laid on its 
l>eculiar, stratified distribution. In most cases, it is the middle 
layer of the grey matter which is softened, so that on attempting 
to strip the pia mater from the surface of the brain, the outer 
layer of the cortex usually comes ofi" with it ; more rarely doe* 
the softening involve the outer layer itself; in that case, wfaai 
tbo pia mater is stripped off, the surface is left quite ragged, as 
if ulcerated ; rarest of all is the occurrence of a layer of softened 
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tissue at the junction of the cortical with the medulkry substance. 
I belieye that this singular localisation in strata is connected 
with the peculiar distribution of the minute blood-vessels, dis- 
covered by Anidt; after entering the cortex cerebri, they break 
up into three tiers of capillaries, one above the other ; a mode 
of difltribution which agrees with the stages in the development 
of the brain, but which is, in all likelihood, more nearly related 
to the partition of ftmctional attributes among the several — so 
sharply differentiated — strata of the cortical substance ; a mode 
of distribution very like that with which we are familiar in most 
of the complex organs of the body. Granting the truth of the 
above assumption, the seat of softening might be held to corres- 
pond with that of the maximum intensity of ftmctional irritation. 
But the hypothesis is only put forth as a guide to ftirther inves- 
tigation.^ 

§ 715. Passing now to the more ordinary forms, in which 
the hffimorrhagic phenomena are less marked, I must repeat 
that "less marked" is not synonymous with " absent." If we 
take the trouble to isolate the vessels of the cortical substance, 
not by simply pulling them out, but by detaching the pia mater 
cautiously imder a very gentle stream of water, we shall often 
be amazed to see the number of dissecting aneurisms there are, 
all of which would be overlooked if we contented ourselves mth 
simply examining vertical sections; still more, to find how 
many less extensive, but yet unquestionably haomorrhagic infil- 
trations may be demonstrated in the walls of the vessels. 
Horizontal sections through the grey matter are also to be 
recommended. The red blood-corpuscles which are actually 
extravasated, penetrate at once into the adjacent brain-matter to 
a variable depth, forming little red areoluo roimd the holes which 
contained the vessels, with their outer margin blurred and 
indistinct. In the grey matter of a brain which appeared per- 
fectly normal on a superficial examination, I detected many 
blood-corpuscles lying free in the parenchyma; and this first 
drew my attention to the great frequency of minute ha3morrhages 
in such cases. 

S 716. The conversion of the extravasated blood-corpuscles, 
or of their ha>matin, into pigment and connective tissue, begins 
evea during the acute stage. The pigment presents itself in 
loand or elliptical flakes of various sizes, lying in the adventitia 
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of the blood- veflselfl in little groups of two, four, or upwards {fig. 
Flo. 193. 194). Isolated particles of pigment are also 
met with Ij^g iroe in the parenchyma ; this 
.however, is not common; while on the other 
hand, a deeper pigmentation of the gangUoa- 
cells is Terj' usuaL In many cases of acute 
insanity, therefore, we find recent haemorrhages 
side by side with the vestiges of older onesf 
the combination giving a highly variegated 
aspect to the specimen. 

6 717. Extravasoted blood and blood- 
A number of dis- . . . ^ . t . _■- 

wctinc aneu P'P'^®"* ^^^ signs of antecedent congestion 
riuina on the which are fortunately not easily effaced, and 
branches of & therefore all the more trustworthy. That 
niinute cerebral other signs exist as well, I have already hinted, 
vein- when pointing out that certain forms of dis- 

organisation occurred after a time in the walls of the vesselSr 
and hindered their restoration to the normal state. Of these 
Fig. 194. 





Kmall vein oiiil capillaries from tlie brain of itn imbecile. The 
vein ithows the remains of former hiemorrhage into the 
adventitia, sncli as pigment-^^ranules, &c. Fur the stote of 
the capillariea see text to fig. 195. g^. 

disorganisations of the vascular walls, one only comea under 
the head of " acute conditions." I refer to the so-called 
" fatty degeneration of the capillaries " ; this is not by any 
means a constant phenomenon in the psychoses, and it is also 
met with after violent and prolonged disturbance of the brain- 
inatter due to other causes, as e.g. in typhus, small-pox, &c. 

The change consists in an accumulation of oil-globules 
immediately around the nuclei. A minute residue of soft proto- 
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plasm is always found hereiibouf s ; tho oil-globules appear in its 
interior ; and in this way, little three-cornered aivolliiigs are 
produced on the outside of the vessels, each of which contains 
the dark oil-globides together with a single nucleus ; they give 
the vessel a verj' variegated aspect (figs. 194, 19G). The 
only question is whether we have any right to interpret these 
appearances as signs of degeneration. Here, if an)*whero, we 
may suspect the oil-globules of having had another origin, e.g. 
of ha\Tng been taken up by the protoplasm from the brain- 
matter itself; moreover, the immediate proximity of the cells 
which contain the oil to the nutrient fluid, might suggest the 
possibility of some disorder of nutrition ; finally, Lculcsdor/' and 
Slriclcr have proved most conclusively that in traumatic in- 
flammations, the fatty degeneration in question is compatible 
with very active changes in the corpuscular elements, with 
nuclear and corpuscular proliferation ; indeed those observers 
seem actually inclined to draw a parallel between the granule- 
cells and the cells of the gerra-yelt. To this I have only one 
objection to offer, sc. that fatty metamorphosis is universally 
admitted to be a frequent mode of degeneration in cells which 
are growing old, or which are badly nourished, or isolated from 
their organic connexion ; that even the most abundant supply 
of nourishment is unable, of itself, to arrest their decay, as is 
shown by the fate of a great many white blood- corpuscles, and 
by tho "fatty erosion" of the vessels {§ 2'20); that this same 
fatty degeneration of the vessels is an essential feature of yellow 
softening, which is generally due to the direct arrest of circida- 
tion and nutrition in a circumscribed portion of the brain. 
Whatever may be the true signiiicanco of the fatty matter in the 
present instance, my own observations lead me to agree with 
Leidesdorf and Strieker, in admitting that notwithstanding all 
this infiltration with oil the process may yet be of a progressive 
character. For what in the present case is progressively 
developed on the out-er surface of the vessels, and what mainly 
contributes to their permanent disorganisation, is an actual 
proliferation of connective-tissue corpuscles and fibres, as will 
appear on glancing over the second stage of the disorder. 

§ 718. II. Chronic conihtioxs. The later phases of the 
structural alterations associated with tho psychoses are much 
better known than the earlier ones, chiefly because they aro 
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more obvious. They may be traced in two diffierent directions. 
On the one hand, the hyperasmia of the brain, when it has 
become chronic, gives rise to that venous stasis in the pia mater 
which I have described in § 699, et seqq., as Bydrocephalw ex- 
fernm. The dikted and tortuous veins, the infiltratian of the 
arachnoid with corpuscular elements, the oedema of the pia 
mater, the atrophy of the brain, combine to form a highly 
characteristic total of morbid appearances. On the other hand, 
the hypewemia of the cerebral vessels is associated with a peri- 
vascular growth of connective tissue, which is propagated to the 
biain itsdf, and ultimately causes obsolescence of the nervous 

elements. 

§ 719. Let us begin with the vessels. Strieker assumes that 
a continuous layer of protoplasm exists on the outer surfisu^ of the 
capillaries ; this layer he believes to be responsible for the de- 
velopment of the vascular system, as well as for that of morbid 
growths which start from the vessels. This view is strikingly 
corroborated by the behaviour of the capillaries in acute and 
chronic inflammation of the brain. I allude partly to the suppu- 
rative encephalitis already described, partly to that sclerosis of 
the brain and grey degeneration of the spinal cord of which I 
shall have to speak hereafter. In the psychoses we also find a 
moderate increase in the amoimt of perivascular protoplasm; 
fresh nuclei appear, originating by fission of the old, somewhat 
enlarged capillary nuclei ; finally, the thickening of the vascular 
wall and the increased number of cells is manifest even to an 
impractised eye. The diagnosis, however, is rendered certain by 
the appearance of a number of fine, feebly- refracting processes of 
protoplasm, which give the vessel a curious, thorny appeqr&nce 
(fig. 195). These processes are connected with a system of juice- 
ceUs (Saftzellen) which has been developed meanwhile in the 
brain-substance itself, and may be recognised in vertical sections 
taken from a fresh brain. The addition of Canada balsam, 
oil of turpentine, or even of glycerine, usually makes the 
network invisible ; the only vestiges of it which can then be 
detected are hardened, and therefore more highly refracting 
fragments, which are often enough met with. TbiB netwoik of 
juice-cells corresponds in its distribution, i.e. in the number of 
stellate elements ftimished to each vascular territory, so closely to 
that which customarily obtains in other vascular connective 
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liBeiics, ihat it is difficult not to suspect that some pro-existiug 
ibysiological arrangemeut underlies the process ; but fliis, how- 
■, no one hns yet succeeded in proving. I believe, therefore, 
it really depends ou an actual outgrowth from the surface of 
Teasels ; and wo have an exeellenf precedent for this in vas- 
ularisation by the development of processes from the Tease]f. 
I 71). X. Mri/i-r, indeed, who has done much to extend our 
mowledge of this subject, 62>eaks of an actual development of 
V vowels in the cortical substance. This vascularisation would 
n be a further step in the direction inaugurated by the out- 
■ growth of protoplasmic procesBcs from the surface of the capil- 
Iflriei), the nuclear proliferation, and the development of an 
anastomotic network of connective-tissue corpuscles. The essen- 



tial feature of the process 



restriction to the perivasculai 




a and capillaries from the oenbial cortex of an tiubccile. 
The cApillnrie^ liave tbeir walls thickeaed and runiislied with 
nmncrouE proi^eHse) radtutiii}{ in all directdotis. McKtt of theae 
proce«ses start from the nuclear points. 5^5. 

connective tissue, ns opposed to the neuroglia, which remains 
unaltered. We shall have an opportunity of noticing a contrast 
precisely similar to this, when we come to speak of tumours of 
the brain. 

The changes imdergone by the ganglion-cells and nerve-fibres 
ftrc, ae compared with those just described in the vasculor appa- 
ratus, of a subordinate and passive character. Most frequent 
n a certain atrophy of the ganglion -cells associated with the 
brownish disc<^ration already alluded to, which is due to the 
imbibition of hannatin. The complete granular disintegration, 
tite dropE^ and sclerosis, and especially the nuclear fission with 
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which Meyncrt has made us acquainted (§ 712) occur, so far as 
my experience goes, only in a very limited degree. A fission of 
the neurogKa-nuclei is more common— but this does not seem to 
lead to anything beyond. We only notice that in places where 
we should normally expect to find only a few nuclei, there are a 
larger number present ; here and there we find little chains and 
nests of nuclei. They are not in any way connected with the 
development of the corpuscular network described above. 

The naked-eye appearances are mainly due to the pressure 
exerted by the OBdematous pia mater upon the surface of the 
brain. The leathery hardness and pallor of the cortex may 
partly be ascribed, when present, to the interstitial growth of 
connective tissue. I need hardly add that the latter process is, 
in my opinion, the actual cause of disorganisation, the lesion 
which impairs the utility of the thinking a:pparatus. 



2. Yellow Softening. 

§ 720. By the term " yellow softening," we understand the 
total disintegration and liquefaction of circumscribed portions of 
the nervous centres by means of fatty degeneration. The most 
important antecedent of yellow softening is obstruction and total 
arrest of the circulation ; accordingly, it usually results from 
acute inflammation, embolism, and haemorrhage, such as we have 
been made acquainted with in the foregoing section. That em- 
bolism can cause yellow softening directly, without the interven- 
tion of punctiform haemorrhage, is not, in my opinion, conclu- 
sively established ; the possibility of its doing so must, however, 
be admitted for the present. Yellow softening is invariably the 
final term of a series, whatever may have been the sequence of 
the previous changes. The following sequences are perhaps the 
most common: — 1. Embolism, punctiform haemorrhage, yellow 
softening. 2. Pimctiform haemorrhage, capillary thrombosis, 
yellow softening. 3. Punctiform haemorrhage, inflammation 
(red softening), yellow softening. 4. Encephalitis, punctiform 
haomorrhage, red and then yellow softening. Yellow softening 
only shows that the morbid changes have reached a point at 
which regular nutrition is permanently arrested. Accordingly 
we meet with it in a great number of other conditions also- 
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RTlius I have found the medullary layer of the antcrioi' lobe of the 
flight cerehral hemisphere affected thi-oughout with yellow soft- 
I eiitng, owing to gliomatous degeneration of the grey matter 

■ round it, whicli bad stopped the circulation through the cortex, 
m Host tumotira whose growth ia central are surrounded by a zone 
lof yellow softening, caused by the pressure of the tionour upon 
I the neighbouring blood-vessels ; indeed it is impossible to give 
1 Rii exhaustive summary of uU the cases in which yellow softening 
I tnay occur ; every observer must trust to his own ingenuity to 
^ascertain the cause of the softening in any particular case. 

721. The minuter details of yellow softening fall naturally 
I under two heads ; on the one hand we have diBiiitegral ion and 
I solution of the nervous elements ; on the other, of the connective 
I tissue and the vessels. The former takes place without the deve- 
I ]opment of any new morphological units ; the behavioui- of the 
I ner\-e- medulla is the only noteworthy point about it. This 
I begins by coagiJating round the axis-cylinder {§ .32) ; it then 
I escapes from the tubular sheath, and persists for a time in the 
I form of drops and globules, sufficiently characterised by the mani- 
I fold and bizarre variety of their external form. Some are cluh- 
I shaped with rounded ends, others lobulated, rolled up into tufts,- 
I or tlrawn out into elavate processes. When the slide is gently 
I warmed, they ruji together into spherical drops, which swell and 
[exhibit cracks and fissures on the addition of water. These 
I changes may, in their tuni, be arrested hy adding a saline solu- 
I Hon. Ultimately, even these objects all disappear, and only a 
I homogeneous, alhimiinous fluid is left; it is possible that the 
I nerve-medulla may be decomposed into fat and albumen, the 
r fotty granules mingling with the rest of the oily (f^firia as soon 
as they are set free. 

The liquefaction of the connective tissue and the vessels 
I takes phic« ia a very different way. Here, fatty degeneration 
1 plays a leading part ; it is the actual ogent in the destntctivc 
I process. All the corpuscular elements of the neuroglia are cou- 

■ Tcrted into granule- cells. In vertical sections through the edges 
|of the softened part (fig. 190, we can easily trace the oggrega- 
Ition of groups of fatty granules between the neivc-fibres, until 
Wthey attain the size of colossal granule-cells. These last ore 
Tiuspended in the fluid products of softening, giving them the 

icidiar colour to which the entire process owes its name. On a 
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black groimd, the granule-cells inay be seen, even with the 
naked eye, floating about like Bmall particles of dust. The 
ressels too, Buccvunb to fatty metamorphosis. Spindle-shaped 
^g^Sreg&tea of fat-granules may be obserTcd in the place of the 
capillary nuclei, and larger, confluent masses of these granules 
may be seen beneath the adventitia of the small orteriee. I 
found the latter tunic (fig. 196, D) detached throughout, as 
though an interparietal Ij^mphatic space had been opened up. 
The homogeneous membranes of the Tessels aud the basis-sub- 
stance of the neuroglia undergo a direct, though very gradual 




Yellow »nftening of the medullary Bubstonce of tbe Lrain. A. i 
Junction of the softened part, B, vitli tliat wliicU is Mill 

firm, C. D. A vessel miJei^ing fatty ilegeueration. j^. 

liquefaction, so that the fluid products ol softening come ulti- 
mately to contain nothing but fbt -granules and granule-globules. 
S 722. So much for the histologj' of the process. The naked- 
eye appearances will necessarily vary according as the position 
of the lesion is favourable or unfavourable to the absorption of 
the products of softening. Patches of softening in the interior 
of the hemispheres cannot be obliterated, because their walla 
cannot collapse ; the granules may possibly be absorbed in course 
of time, the fluid may become clear, a ej-st may be formed— but 
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'Itere the matter ends. Sliould the lesion be situated near the 
surface of a ventricle — as often happens in the corpus striatum 
- — a slight subsidence of the layer of brain-tissue which separates 
it from the ventricular cavity may occur, and the softened patch 
may wholly disappear. This subsidence is much more striking 
when the mischief is situated in the cortical substance itseli'. 
We not unirequently meet with cases in which the sui'faee of the 
hemisphere exhibits an extensive and often multiple depression, 
over which the pia mater may either have collapsed, or be 
stretched by a simple serous effusion or even a yellow, fatty 
emulsion. The brownish discoloration of the brain-matter in the 
immediate neighboui'hood points in a general way to hyperoimia 
and hiemorrhagc as the immediate antecedents of the lesion ; 
the precise nature of the prinuiry mischief has uot, however, 
been oertainly established. One thing seems clear: that the 
final removal of the affected portion of the cortical tissue is 
operated by yellow softening ; also, that the complete absorption 
of the fluid products of softening has been made possible by the 
very superficial site of the lesion. 

S 723. Scattered thi'oughout oui- exposition of the inflam- 
matory disorders of the central nervous system are various hints 
■which point to an extension of the domain of fatty degeneration, 
and especially of the formation of granule-cells, beyond the 
limits of retrograde metamorphosis. Such an extension is sug- 
us, tiller alia, by the experiments of Leidesdoi/ and 
Slrickcr on fmumatic corebritis; by a case of fatty metamor- 
ipbosis of the corpuscular elements of the neuroglia throughout 
jthe entire medullary substance of the brain, which has recently 
■n described by Vhrhow as " eneephulitis" in a new-born 
infant sufl'cring from hereditary syphilis. To these we must add 
the discovery of granule-cells in certain parts of the spinal cord 
in cases of general paralysis of the insane {Wvdphul), as also 
the fatty degeneration of single columns of the cord, described 
by Turk as a consequouec of circumscribed disease in the nerve- 
centres. These considerations must at any rat« warn us against 
ooneluding without further evidenco, that fatty degeneration 
Mid the development of gnmule-cells are identical with yellow 
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3. Grey Degeneration. 

§ 724. Limited patches, striae or spots, in the white substance 
of the brain, the spinal cord, and some of the peripheric nerve- 
trunks, are occasionally seen to exhibit a grey tint like that of 
the cortex, instead of their usual white colour ; and these appear- 
ances are found to coexist with certain typical series of clinical 
symptoms. On the groimd of the alteration in colour, these 
cases have all been grouped together under the common head of 
grey degeneration. The instinct which led pathologists to do 
this, was in itself a just one. For if we consider grey degene- 
ration per 86, we find that it is always due to the same proximate 
anatomical cause, so, the disappearance of the medullary sheath 
of the nerve-fibres. Medullated fibres look white in the aggre- 
gate ; non-medullated fibres look grey. It is seldom, however, 
that the loss of the medullary sheath is the primary and only 
lesion. It ought rather to be viewed as a secondarj'^ phenomenon, 
as the first step towards atrophy, nay, towards complete destruc- 
tion of the nerve-fibres. It commonly precedes this latter change, 
just as decalcification precedes the dissolution of bone-tissue. 

§ 725. The morbid anatomy of grey degeneration has been 
repeatedly subjected to scientific investigation of late years ; I 
refer more especially to the labours of Let/deHy Frommann and 
Charcot, And one result of these inquiries has been to make us 
distinguish more rigidly between two forms of the disorder, one 
of which we may call the simple and non-inflammatorj^, the 
other the indurative and inflammatory — or simple grey degene- 
ration and sclerosis. 

The simple form of grey degeneration is most common in the 
spinal cord. The posterior colimms are more liable to it than 
either the anterior or the lateral ones (fig. 197). After the cord 
has been taken out of its sheath of dura mater and washed, we 
may see, to use Leyd^n^a own words, "a band of a grey or 
greyish- white hue shining through the pia mater, and extending, 
as a rule, along the whole length of the cord." On transverse 
section, we find that the grey discoloration of the surface is due 
to a change in the white matter which extends into the substance 
of the cord. The entire posterior columns are usually converted 
into a reddish-grey, somewhat brawny mass. Should there be 
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^P^y nonnal tieeuo left, it is sliarply marked off from that vliicli 
™ has undergone degeneration ; the latter, moreover, is Gomewhat 
depressed below tlie level of section, and yields a small quantity 
of clear fluid when squeezed. The degeneration usually mounts 
upwards from the cauila t'quinn, and spreada — when viewed in 
transverse sections — from the periphery and the middle line 
behind, towards the central axis and the lateral margins of the 
_ cord ; so that in eases where the degeneration is incomplete, the 
csidue of white matter forms a lamella, which, starting from the 




'^jcy 



Unusual localirsittion 'tl' Eiinpli' yrey deytncration. In tbe cervical 
and liimbar T«gioiis of tlie cord (top and botloui figare»), it iii 
the lateral tractfl which are cliieUy involved ; in the doreul 
region [middle figure), tlie entire metlulln. After FromTiiann. 
Nntunil the. Tnuiavene sectioiis. 

hinder odge of the commissure, passes along the posterior horns 

towards the circumference, The posterior roots of the spinal 

L nerves invariably participate in the morbid process ; this fact 

ft «eems to have been overlooked in many cases, otherwise carefully 

reported. 

§ 72l!. Chief among the textural alterations which underlie 
ihe simple form of grey degeneration, is an increase in the 
mount of the interfibrillar connective substance (cement) of 
Ihe medullary columns. '\\'hether this substance is nommlly 
Inely-granular or fiuely-fibriliated, has not been hitherto 
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decided. Each of these viewa hxis its adherents, and the oppo- 
site camps vie with one another in the dogmatism of their 
assertions. Granting for a moment that those are right, who 
(like myself) regard it as being of a finely-granular, quasi- 
protoplasmic nature in health — ^then a transformation of this 
amorphous cement into a finely-meshed fibrous network would 
be at any rate the first step towards grey degeneration. The 
meshes of this fibrous network are not, indeed, as small as those 
of the spongy reticulum which Schultze describes as normally 
present. It is rather produced by a shrinking or retraction of 
the cement, which was at first equably distributed, into certain 
branching lines (just as happens on the addition of reagents). 
In the prismatic, triangular interval between any three con- 
tiguoas nerve-fibres, a tolerably stout rod is produced, run- 
ning parallel to the fibres ; from this rod, a countless number of 
minuter processes project, which, running transversely and 
obliquely between the fibres, unite with one another to form a 
delicate network.* This first, so to say preparatorj' stage, is 
followed by a peculiar outgrowth of the fibrUlaD ; according to 
Frommann, minute protuberances spring up at intervals, which 
grow larger and again break up into branches. The process 
reminds the observer of a crj^stallisation, or at any rate of a 
coagulation, and can only be explained by supposing that the 
coagulable matter is continuously precipitated — and this of 
course implies the admission of a previous stage, during which 
it was quite soft. This may shed some light on the observations 
of older authors, who came across considerable quantities of 
amorphous interstitial substance here and there. On teazing out 
minute shreds of the grey degenerated parenchyma with needles, 
the felted web of fibres readily breaks up into a number of 
roundish balls, which, on more careM investigation, exhibit a 
firmer centre containing a nucleus, from which the countless 
fibrilhc all appear to radiate (fig. 198). Every one of these 
centres corresponds to one of those branched and anastomosing 
connective-tissue corpuscles, which are distributed at regular 
intervals throughout the ner\'e-tissue. We know that these 



♦ Frommami was the first to demonstrate the»e exquisite netwoika. He 
finds them also in the normal coixl ; but here I consider them a resolt of 
the shrinking caused by reagent:^. 
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elements are most numerous at the circumference of the oord, 
getting fewer in number towards its centre. This agrees with 
the appearances presaited by the degenerated medulla in trans- 
Terse sections ; for we are able, by continued rubbing with the 
oovering- glass, even without the help of needles, to separate the 
indiTiduBl balls from cue another to some extent, when they arc 
seen to be emaller in size towards the periphery, more bulky 
towards the centre of the cord. In the former situation, they 
are oontinuous with the innermost layer of the pia mater, and 
may be regarded as a sort of " irradiation" of supporting fibres 
into the nervous matter {Hcnle and Merkel). The grey degene- 
ration also progresses demonstrably from tho circumference of 
the cord as its base, and spreads gradually towards its centre. 




NudeatcU connective-tissue corpuflclvii, studJcil sll over vritfi 
litUe tiifu of fibres ; Ibey were ulituineil liy tcazing out a 
portion of a npinal conl affecleil with grey degeneration. 

All this compels us to suspect that the chief part of the disease 
is developed in close connexion with this pre-existing system 
of fibrous connective tissue — in fact that the morbid change sets 
out from this. The fibroid metamorphosis of the nerve-cement 
proves the chemical and morphological identity of the amorphous 
interstitial' substance with the fibrous interstitial tisane ; their 
physiological relationship is thus established, and the belief 
otmfirmed, that the neuroglia is reoUy a connective substance, 
and not, as is still alleged by some anatomists, of nervous 
chuaoter. 

S 727. liOt us now consider the second factor in simple gr^ 



y48 MOKBID ANATOSIY OF THK NEKVOUS SYSTEM. 

degeneration, i.e. tbe obiiolesceucc of the iien'c-6bres in the 
Affected columns of the cord. The fact that thia change is co- 
extensive with the advance of the interstitial tissue, proves that 
the two phenomena are cuuxally connected ; but it remains un- 
decided, whether the disappearance of the nerve-fibres is the 
«ause or the consequence of the overgrowth of the neuroglia. 
For my own part, I cannot well conceive of the degeneration of 
the nerve-fibres as the primary phenomenon ; atrophic changes 
of the nerve-tubes, artificially excited in peripheric nerves, never 
give rise to any analogous effects in the pei-ineimum. On the 
other hand, we can cull to mind Imiumorahle examples of 

Flu. I'M. 




Ouiiunkl viuw of {jTfy (k-gi:iioi-atioii. Taillj- taki-n fmin Frvoi- 
iiMHtt. jV "' Ni^niiul piiii'nuli} ma uf tlie ^J>illul coii). TIte 
cirtHliir Iwxlies iire lliu iiei'vi'-tibivM in tnin-'ven* !<c<;tioii ; 
h. Tlie region of jpn-y dcyenerntinn ; c. A losuular cleft witli 
il^i VMBi-'l ; tl. Limit of the givy matter (ixwtcrior hom) ; 
e. Cirt^uiiifercuce i>f lliu euliiiiiii, tiliuiiiliiiiIlT infUtmled i^itli 

atrophy of nervc-fibrca being caused by external pressure. I 
quite agree with FroiiiinaiiH in believing that the growing net- 
work of connective tissue forces its way into the space assigned 
to the nerve-tubes, und thuo ultiniately causes their disintegra- 
tion. Ah regards the finer details of the process, I think I 
have observed that the neurilemmu, at an early stage, becomes 
fused with the advancing connective tissue, ivhUe the medullary 
dieath breaks up, and the axis-cylinder alone continues to resist. 
The thicker uxis-cylindcrs retain their form for amazingly long 
periods, and may often be discovered in parts which have 
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j^piheir cipcumferenee, give them a very singular and monstrous 
" aspect. The round-cells of the neuroglia also proliferate, forming 
a denser iniillrntion round the borders of the diseased part. They 
ultimately succxmih, hoireTcr, to fatty degeneration. They swell, 
and form gTanule-ceUs of relatively large size; as such, they are 
found scattered in great numbers among the felted fibres of the 
diseased pai-t; iinnlly, they break up into oily d^brix, and arc 
absorbed. The disintegration of tlie nerve-fibres takes place just 
aa in simple grey degeneration. Corporfi fimijlnrra are either not 
prodneed at all, or only in small numbers. Tlie ultimate product 
is a fibrous web, soaked like a sponge with a mucoid fluid in 
which a few free nuclei and small uninuclear cells are suspended. 
This fluid may be squeezed from the freshly cut surface ; but in 
proportion as the fibrilltc of the wob continue to shrink, the fluid 
disappears and the fibres approach one another until they finally 
come into contact, leaving no interstices; and thus arises the 
extremely unj'ielding, tough, drj- tissue, of which the cicatricial 
or fibroid patehes remaining after the termination of the process 
are made up. 

g 731. In conclusion, I must not omit to mention that there 
is another simple, not fatty, form of atrophy of the peripheric 
nerves, which depends solely upon a disappearance of the medul- 
l»ry sheath, and hence also gives rise to a grey discoloration of 

■ttie affected part. This is seen, e.g. in the optic nerves, following 
EKsease of the retina, or extirpation of the optic bulb; in the 
Optic tracts, as a result of gliomata of the thalamus, or other 
cerebral tumours by which the tracts are compressed, &c. 

The grey degenerations which occur in the medulla oblongata, 
associated with all sorts of disorders in the area of distribution of 
the cranial nerves, have not been adequately investigated hitherto. 
In one case of masticatory spasm, I found a sclerosis, due to the 
development of connective tissue, starting from the floor of the 
(burth ventricle ; in several cases of epilepsj-, I have noticed a 
""iroid thickening of the pia mater over the anterior aspect of 
e medulla oblongata, which had not, however, penetrated into 
J substance. It was associated with an intense degree of 
rownish pigmentation. 





;J52 MORBID ANATOMY OF THE NERVOUS 



4. TUM0UR8. 

^ IVZ. Throughout Vircfiow*s work on tumours, that im- 
I)oriMh(iblc nionuniont of German science, we notice a continual 
ondottvour on the author's part, now expressed, now implied, to 
accuHtom hin pupils to a less abstract way of looking at the 
individual H{)ecios of tumours, and to point out the important 
influoiico which the scat of a growth, i.e, the tissue in which it 
originutos — exerts upon its anatomical and physiological pro- 
{)ortieH. Whoever is not content with a mere superficial determina- 
iion und labelling of a tumour, but is used to explore its inti- 
fimti) Htructuro and composition, and to compare them with its 
vital peculiarities, will fall in with Vircliow in hoping for the 
bent results from this method, as regards the ultimate reconcilia- 
tion of that unhappy discrepancy which still subsists between 
the legitimate claims of clinical practice and the limited means 
at the disposal of morbid anatomy. The instinct of the prac- 
tical physician points in the same direction; for he grounds lus 
prognosis quite as much on the seat of a growth, as upon its 
minute structure and development. Meanwhile it would be 
foolish to give up the residts we have already obtained, for the 
sake of a knowledge which, however tempting, is still very 
remote and shadowy, and which can only be reached by the 
painful searching of many years. I propose, in the present 
chapter, to do something in the direction indicated above, by 
dividing the tumours of the nervous system into three groups, 
according to their place of origin : 

a. Tumours which spring from the free surfaces of the 
meninges and cavities of the nervous system. 

b. Tumours which set out from the perivascular sheaths. 

c. Timiours which start feom the neuroglia (perineurium). 

a. Tumours growing on the free surfaces of the interstitial spaces 

of the nervom system. 

§ 733. The arachnoid sac, that of the spinal dura mater, and 
the cerebral ventricles, present large surfaces on which a series 
of HiSTioiD TTMOURS occur undcr the common form of flat, 
rounded protuberances. The similarity of external form is 
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accounted for by Uic similur development of all these growths. 
They are all of them efflorcBcenccs, in the narrower sense of the 

irm. It is only the most superficial layers of the ivall which 
concerned in their production. For a time indeed, the endo- 
tiieliimi may bo the only tissue affected by the morbid irritant. 
Its elements are in a state of active nuclear and corpusciiliir pro- 
liferation in the neighbourhood of all those tumours. But the 
growth actually starts from an "exudation of plastic Ij-raph 
(embryonic tissue) from the Buperficial pores." I purposely 
tidopt this rather antiquat«d mode of oxpreasion, because it really 
does give a very pregnant idea of the process. The cells which 
crop up on the surface, speedily combining to fonn little biun- 
mocka of ombryom'e tisaue, are emigrants. We have no right 
to assume that they are produced by any formative irritation oi" 
the conncctivo-tissuo corpuscles at the scat of mischief Such a 
hj'pothesis would have to contend with tlie lack of any demon- 
strable fission of these corpuscles, and \vith the general behaviour 
of the connective tissue, whose fibrous bundles, in the very 
region of the growth, continue for u long time absolutely intact, 
and only begin to bo loosened and dissociated when the tumour 
has reached a considerable size. Even then, the loosening is 
due to an infiltration with morbid elements ah e-j-fr'i : as tbougli 
the tumour, growing at first in an outward dii-ection only, began 
to grow inwards also, at a later period. The real course of 
events, however, is probably this ; the corpuscular masses destined 
for exudation are dammed back on their way to the surface, in 
the interstices of the connective tissue, owing to the lesistancc 
offered by the neighbouring organs to the increase of the tumour. 
The latter can only adapt themselves gradually to their altered 
circumstances, by undergoing atrophy and loss of substance 
at the point where the pi-es^ure is most severe, a loss of sub- 
stance proportionate to the size and shape of the tumour. The 
more time they have for the purpose, the more complete will 
bo their adaptation. Hence the infiltration of the conucctivi! 
tissno is always directly proportionate to the rapidity with which 
the tumour grows (spindlo-cell sarcoma) ; it is least manifest 
the tumour increases most slowly (Pacchionian grunnlu- 

ms, lipomata, &c.). If the tumour met with no resistanen 
neighbouring organs — if it grew into an open space — the 
VOL. II. '"' 
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infiltration would not ooonr at all; in fiwt it is mbaont emmk m 
thooe tamonn wlnoli protmde into tbe Tantriaba. 

S 734. The Pacchiokian OMAMuuasmm of 4he ararhwid 
may be regarded as in some sort the ptuiiityp a of tfaia ulide 
group of tmnonrs. According to X. JKfjm^ the die veilB|ii wait of 
these minute, bat nDmsroiu miuE-ifinte 'psrajeotiuua^ inarii aae 
chiefly found on either side of the langitudinal sona ^iaag-^ 
edges of the cerebral hemispheres, is immediBtely imlatail to tiie 
so-called '* reepiratray moTements'' of the bnchi. Tbm hemi- 
spheres, when filled with blood, more firam dieir-poskica jnatas 
the longs do, when filled widi air. The dbplaoement ia mil at 
the base, where the brain is firmly attached; it is greatest akaag 
the upper angles of the hemisphereB, which are tasBtbieet fiNMa the 
fixed points. Under a low magnifying power, the PaochicDian 
gpranulations appear to consist of groups of papillie, asme of 
which are simple, while others bifurcate once or even twice; 
they become pedunculated as they grow bigger, bat without ever 
separating entirely firom their place of* origin. They are diso- 
lutely non-yasoular, and consist mainly of a wavy cosmeotive 
tissue, poor in corpuscular elements, which grows directly firam 
a thin but incessantly renewed layer of subepithelial embryonic 
tissue. The epithdium with which they are clothed con- 
sists of seyeral strata, in marked contrast to the normal epithe- 
lium of the arachnoid membrane. Meyer actually diseovered 
epithelial granulations in the neighbourhood of these tumoors, 
so that the active participation of this element is beyond all 
doubt, although the connective tissue is the chief fisustor in their 
development. 

The tumours which grow from the surface of the dura mater 
are far more various. In the first place, we have a spindlb-gsll 
SARCOMA which grows by pr e ference from the dura mater at the 
base of the brain, forming tuberculated and often very extensive 
protuberances near the clivue and eella H^itricOy compressing the 
cranial nerves at their point of exit, and the adjacent parts of 
the brain ; the compression leading first to irritation, then to 
paralysis, and lastly to destruction of the parts. The «w»« 
variety of sarcoma is also met with on the dura mater of the 
cord. It is characterised by the large size and perfect evolution 
of its nucleated spindle-ccdls, which are arranged in bandies, 
but may readily be separated by teazing with needles. This 
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iiickly- growing form of sarcoma ia closely related to two other 
ttimonrs of fdower growth, which n-ere first difFereatiated by 
Virc/ioic'n skill ; I refer to myxoma and penmnioma of the dura 
mater. The former of these la of most clinical importance when 
[ it affects the dura mater of the cord ; for this is its most conunou 
at, and it proves dangerous by compressing the spinal marrow ; 
liereas in the cranium it ie usually situated on the convexity 
F the hemispheres, nud accordingly belongs to that set of 
mours to whose presence the brain is best able to accommodate 
The PRAMUosiA is a tumour with a basis of connective 
BEue, or even of mucous tissue, distinguished by its coutaiuing 
globular calcareous concretions. In the pineal gland, where 
these concretions are almost physiological, they are commonly 
known as " brain- aand," whence the term "psammoma" 
(4«ii*f"*i sand). Virchow believes that the psommomatous con- 
cretions result from the progressive depoaitio]i of earthy salts, 
first in the centre, and then towards the circumference, of a con- 
cent riod I y -lamina ted, non-cellular, organic matrix. We should 
thus have to exclude from among the psammomata a whole series 
of precisely simJlai- tumours, in which fJie concretions are due to 
the incrustation of corpuscular elements (fig. 2O0). 

Finally, small Uponiata have occasionally, though roi'ely, 

been met with on the inner surface of the dura mater and the 

ventricular ependyma. These protrude from the surface uh 

initio, and never force their way deeper into the substance of 

_Uie brain. 



^ b. Tumour's irhivh nci oitf/i-oiii fhr Penviucular S/icat/i-% 

§ 73'5. Let us first of all consider somewhat fully the soil in 
which the development of this great and important class of 
tumours proceeds. We have already become familiar with the 
perivascular sheaths as favourite localities for morbid growth in 
influmroation and in miliary tuberculosis. We have seen both 
pus-corpuecles and tubercle- cells originating on the surface of 
the vessels and forming swellings upon them. We were ham- 
pered in oar decision as to the source of these elements by the 
posaibility of their being cmigTant leucocytes ; and we resolved 
to view the pus- corpuscles a» emigrant blood- corpuscles, audtho 
tubercle- cell a as autochthonous elements. The hitter theory was 
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basod on direct observation. We were able to assure ourselves 
that in the development of the miliary nodules the cells of the 
adventitia underwent di>-ision, foiining the bulk of the tubercle. 
These cells must therefore be regarded os actually entiiLsted 
Avith the neoplastic function. We may therefore inquire what 
these corpuscular elements of the adventitia realh' arc ? 

The adventitia of the cerebral vessels is a homogeneous mem- 
brane with alternating nuclei. By treatment with silver nitrate 
it may be made to display K<H5klinghausen's lines, which di^-ide it 
into lozenge-shaped areas, each with a central nucleus. The 
outer surface of the cerebral vessels is thus clothed with an 
endothelium corresponding to the epitheliimi of the Ij-mphatie 
vessels. If the opposed surface of the brain-matter were 
clothed with a similar layer of epitheliimi then the theorj- of 
//tV — that the cerebral vessels rmi in IjTnphatic spaces — ^^vould 
stand on an incontrovertible basis. Although this conclusive 
proof is wanting, I regard all doubts on the subject as misplaced, 
since I find that in the development of morbid products the epi- 
thelial cells of the adventitia exhibit all those pecidiarities with 
which we are now familiar in the case of the lymphatic opithelia, 
and that in a very high degree. For aftor imdergoing prolifera- 
tion by fission, they readily furnish material for the construction 
of the various kinds of tumours. They do this, however, under 
a predominant tendency to the development of a contrftst 
between epithelimn and connective substance ; we shall see how 
benign and malignant epithelial growths, cancers and papillo- 
mata of the most various kinds, are dcveloi)ed upon this basis ; 
l)e.sides those, however, syphilitic gummata and sarcomata are 
also met with in the form of i)erivascular tumours; but no 
adequate evidence has in my opinion been furnished as yet con- 
cerning the latter of these two formations. 

The outer surface of the cerebral vessels is continuous, at the 
periphery, with the under surface of the pia mater — in the ven- 
tricles, with the surface of the choroid plexuses. The under 
surface of the pia mater is clothed ynih the very same IjTnphatic 
epitheliimi as the vessels ; accordingly it comes under the same 
categorj\ The surface of the choroid plexuses is coated with a 
highly-developedandcharacteristicepithelium, which has already 
been alluded to (§ 702). It shows a very marked tendency 
towards the eyolution of higher epithelial forms. I may add 



I 



TUMOUKS. ^oT" 

that tlirsc ibrini soivc in some degree ns types for the elements 
I«ompo9iug all those epithetial growths which set out from the 
inder fiiirface of the pia mater, or the outer sui-fuoe of the cerebral 
vssels. 

The dura niatcr pi-esenta nnalogoui^ conditions on its ex- 
temul surface — that tui-ned fowuids the eraniul bones ; numerous 
Teasels crass fi-oiii it to the kIcuU, and dip into the Haversian 
iiials of the bono. Shall wc ever find Ijinphatic spaces here 
ilsoP For the presout, I can only insist upon the singular 
lologies between the hehanour of these vessels and those of the 
in in the development of cancerous and syphilitic tumours — 
inalogics aliout which I shall have more to say hei-eafter. 

The mode of growth is the snme, i-oughly speaking, for all 

ic tumours belonging to this group ; the morbid formation 

lakes its appearance in its proper charucter on the afl'octcd sui- 

ic, and then spreads imiformly in a horizontal direction ; the 

icrcaso of the tiunour in thickness beijig devoted to filling up 

space between the pi-oduetivo points of the irregularly curved 

irface. This siiace is originally occupied by the pai-cnehyniii. 

of the nervous organ, r.if. by the cerebral substance. But this 

takes no share in the growth; it simply wastes aud disappeari-; 

«o that the ttunoui's invariably have the character of foreign 

bo<Hes, ([uitc distinct from the nerve-centres, and intruding info 

them from witliout. They cause death, either by destroying 

tal parts of those centi'efi, or by setting up inflammation and 

lutinorrhage in their neighbourhood. Meanwhile, they may 

attain to a very considerable size without causing death; this is 

not wonderful when we remember the great capacity of tho braii' 

for aecommoditting itaelf to slow and localised atrophy. 

~3G. The fii'st of the tumonre belonging to this group is the 
CvBcisoMA cKitKiiui siMi'i.EX. It commouly gi-ows from the 
imder surface of the pia mater. Kven such tumoui-s as appear to 
lie free in tho centrum of Vieussens are usually connected at some 
point or other with the pia mater lining an adjoining sulcus; 
still, tumours wholly isolated, attached only to the vessels, are 
also found ; these, however, are always small and always meta- 
static. The ongin of the cancer from the eoi-puscular elements 
of the surface from which it grows, may be most satisfactorily 
need at the edges of the nodule, pai'tieularly where the tumour 
;tcnds along the vessels into the substance of the brain. The 
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growing zone is about a line in breadth. It is bounded exter- 
nally by the normal brain-tissue, internally by the fully-formed 
part of the tumour; to the naked eye, it presents the appearance 
of a zone of liquefaction, because a great part of the cerebral 
substance is destroyed by fatty degeneration. By treatment 
with chromic acid, we may, as is well known, cause the central 
parenchyma to shrink away frcnn the vessels, and so make the 
lacunar spaces destined for tiieir reception appear larger than they 
really are. Accordingly, this is the best method to employ in 
the present case, where our main object must be to distinguish 
the vessels with their appendages from the cerebral parenchyma. 
It enables us to follow the alterations in the former step by step. 
The production of large corpuscular aggregates by the prolifera- 
tion of each single element of the adventitia, forms the starting- 
point of the disease. The newly-formed cells are large and rich 
in protoplasm; they are each provided with a nudens and 
nucleolus, and present an unmistakeable likeness to the epithelial 
elements of the choroid plexuses. They are not so much lami- 
nated, as rolled into balls; in the centre of the ball they are more 
spherical, towards its sur&ce more spindle-shaped. The spindle- 
cells of contiguous aggregates unite to form incomplete fibrous 
bands, and so constitute those finer septa which usually subdivide 
the larger alveoli of every carcinoma. The stromal trabecuke of 
the first order consist ^re, as everywhere else, of the residual 
portions of that parenchyma whieh is destroyed by the cancer. 
The destruction of a great part of the cerebral substance by fiitty 
metamorphosis has already been mentioned. What is left U 
merely a narrow bridge of tissue, consisting of fine, parallel fibres^ 
passing between every pair of much dilated vascular defts, and 
containing a limited number of smooth nuclei. Whether these 
cylindrical, lustrous fibrilla) are the residue of axis-cylinders or 
metamorphosed neuroglia, I will not take it upon me to decide; 
but I beUeve the latter to be the case. If we trace these fibrous 
bands deeper into the tumour, we see them gradually becoming 
more and more homogeneous, until at last they pass directly into 
the main trabecuke of the stromal network. 

The fiirther increase of the tumour is mainly due to corpus- 
cular proliferation. The stroma here and there shrinks into 
threads and hunelln of extreme tenuity, the intervening spaces 
being filled with cells rolled up into huge nests. It is note- 



iiy that tbe vcssela, uUhoiigh ihs startmg-point of the diaeaee, 
I for the most part Alliterated ; it ia only the largest onea 
which are pervious to injection, while the rest waste away into 
slender bands of connective tissue. When they escape utter 
diiwolution, they form a second trabecular network, very curiously 
interwoven with the stromal syBtera of trabecuLe, without how- 
ever blt-ndiiig witli it. Whoever has been engaged in pencilling 
out specinieoB of cerebral cancer, must have been sti'uck with 
the appearance of this double stroma ; it so happens, however, 
that I have nut suooeeded in finding any mention of it. 

§ 737. Cancer of the brain, when it occurs aa a primary 
growth, might bi; termed "a fungus of the pia mater;" this 
woidd indicate its close relationship to Fingts of the thr\ 
MATER. Kot only are they alike in their textural characters ; 
they are found growing side by side, nay, even paaaing con- 
tinuously into one another, so that there can be no doubt about 
their intimate connexion. The fungus of the dura mater springs 
from the outer surface of the membrane, forces its way along 
the vessels into the compact tissue of the bone, destroys the 
tabula vitrca, extendi^ somewhat less actively in the diploi;, but 
ultimately perforates the outermost compact lamella of the cranial 
bonca ; protruding us a fungoid tumour and pushing the scalp 
before it. Not unfrequently, too, it extends inwards through 
the dura mater ; the opposed surfaces of the arachnoid are glued 
together, and then a fungus of the pia mater becomes associated 
with that of the dura mater. 

8 738. Next to genuine cancer stands one of those onco- 
logical curiosities of which there are ao many in the brain ; a 
tumour which combines the structure of on epithelioma with the 
harmlesenessof a wart or fibroid thickening ; the choi.rsteatom \ 
of authors, or p£.iaL cvnckk (Perlkrebs). This is a squamous 
epithelioma, whose cellular cylinders are wholly converted into 
a mass of pearly nodules nith a silky lustre ; it is usually 
situated at the base of the brain, projecting from the hoUowM 
between the central (pons, Medulla oblongata) and the lateral 
(hemispheres of cerebellum, under surface of cerebral lobes) 
parts of the organ, and forming tumours occasionally bigger 
than a walnut. It ia invested by the arachnoid ; on its other 
side, U is in immediate contact with the brain substance ; its 
origin must therefore be sought either in or underneath the piu 
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mater. The rarity of pearl cancer in the substance of the 
brain indicates that its development, like that of simple cancer, 
starts ftwn the lymphatic spaces and perivascular sheaths. As 
regards the finer detaUs of its evolution, Virchow speaks of 
outgroiving club-shaped cylinders of cells, of epidermic globes 
embedded in the meshes of the pia mater, &c. — facta which 
accord very well with the hypothesis that the cells of the tomoar 
are generated by the inner sur&ce of the Ij-mphatic spaces, sc. 
by their epithelium. 

Closely allied te pearl cancer is a rare tumour of the thhd 
ventricle, consisting of globes and cylinders of epithelial cells, 
embedded in a very bulky stroma of mucous tissue (fig. 200). 
Fig. SOO. 




Epithelioma mysonintodei psommosum. For details see test, sjj. 
At first sight, the tumour looks like a very soft myxoma, 
diflTering only in containing very hard granules of a milk-whife 
colour. These granules arc calcified pearly globes. On patting 
them under the microscope and squeezing the covering-glass 
gently, they break up into conchoidal fragments which corres- 
pond to the calcified cells. Aroimd them we notice the more 
recent epithelial proliferations, forming tubes and neate just as 
in all true cancers. 

The only peculiarity of all the above varieties is that they 
ate purely local ; even the fungus of the pia mater seldom giving 
rise to metastatic deposite. 

g 739. The next series of tumours is principally characterised 
by " an outgrowth of the proliferating eorfaoe in the form of 



rue iwpillEC.'' ily Hist experience ol' the Paimijoma i'i.e 
UTRis El VAsoBtJ Ji was ill the rcrt-bolliuii. A sphci'oidal tmiioiir 
wut tlio size of tt pigeon's egg had esfablishod itself betwocii 
t pia mater and the loft corelK'lliir lobe, iu which it had 
i&eavatcd ii hollow eorrcfipondiug to itself in sizo and ^hape. 
'fhe substance of Iho growth was roddiah-gi-cy, translnceiit, soft 
;ind tivniiiloiis. Wlien teazwl out, it was seen to consist of a 
vast nunibev of branching papilla', caeh of which contained an 
uxial blood-vessel, a very small niodiciini of connective tissue, 
siud n double cout of epithelium, wliose outei' layer was made up 
_of Bbort and thick columnar elements. The papillaiy stroma 
ould everywhere be ti'aced, in the last instance, to the blood- 
pessels which i»uss fmm tlie pia mater to the cerebellum, so that 
e origin of the gi-owtb was voiy munifest. 
Another vuiiety of papilloma, closely allied to the above, 
s to have been taken by most authors for a myxoma. It is 
touch moro common than the simple papilloma, from which it 
Iffers only in the abundant production of mucus from the surface 
f the papillic. The epitheUiun (fig. 201) consists of very long 
ind well-fonned columnar cells ; and these, just as on the surface 
f a mucous membrane, seci-ctc hiycr iiiwn layer of a viscid. 
Ussy mucus. As mucus has a great capacity tor expansion, it 
Requires much .sjmce. This is why the main hulk of these tiunours 
appears to Ix-, and actually is, iiiudo up of mucus, the almost 
isolated papillary outgrowths from the Viiseulnr walls being easily 
«verlookod amid the umss of mut-us. Tlio growth, which may 
} called a i'Arn.i.<iMA irYxoiiAToiiKs, is nsually multiple. In 
me case I found a tumour as big as u hen's egg in the region 
>£ the pia kippocaiiipi majorie, where it had spnmg from the vessels 
r the choi-oid plexus which penetrate into the brain at this 
»int, and had tiUod the entire cavity of the descending horn, 
jvernl smaller tumoui-s were scaltcretl over the aui'fiico of the 
lispherea, lying embe<lded in the cortical layer juet like 
hnmple papillomata. 

^ 74D. Tlie gelatinous dcgenci'atioH of ihc cortex cerebelli 
described by BiUmfh must he * iewed as a pure Mi"xriMA ol' the 
perivascular sheaths. The imked-cyc appeai-uncos of the tumour 
closely resemble those of the cci-cbnil papilloma described in the 

E!tion. Under the microscope, we see a simple de- 
' the a<lventi(ia — a development of a comjiaralively 
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tliick sheatli of mucoufi tiasue round all the veseeU whioli peoe- 
trate into tbe brain from the pia mater. The nervoua parench jma 
between the vessels is dedroyed. The thickened Trranln fhsi 
coalesce to form a txanaparent, glassy] pale reddish-grey man, 
occupying a superficial depression of corresponding siza 

§ 741. Whether this gtdatinous degeneration of the perivaa- 
cular sheaths is or is not connected with constitutional ayphilis^ 
cannot be deddod by this one obeervatian. Thus mnoh ia -oar- 
tain, that true syphiloma of the nerve-centres is mam nnaxly 
rdated to this, dian to any other kind of tomonr. I have ao 
Fio. 801. 




Papilloma mj <iomatodui grawiof; front die vesaels of the ooztsx 
cerebri The vascular papillie are sepatKtad &cim one anitfhar 
by broad boiuU of atiatified mucus, ffm (Cf. with this sad 
the prenoua figure the disseTtation of Le Blane Beitiag xur 
path. Auatomie der Himtumorcn. Bonn, 1868.) 

often described sj-philitic gummata as made up of hig^y-oor- 
pusculated embryoijic tissue with an abundant mucoid baaia- 
substance, that I need not go into the matter again. It ia loss 
kuovn that syphilomata of the brain approximate to tbe tjpe 
of the tumours we have just been discuasing, in their develop- 
ment from the perivascular sheaths. Qummata are nauaUy 
found near the surjace of the brain at its base, more Tfaeiw in 
its interior. They reach the size of a walnut, or even of a hen'a 
egg. In their interior we usually came acrosa BevanU nhwuy 
patches, while their circumference is made up of aofi, jallf- 
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like, and very \iisculur tissue. Sections tlirougb Iiurdened 
tqiecimeus sliow that tlie highly corpuscular parenchyma of the 
tumour is concentrically airanged round the yesacls ; Virc/wir 
succeeded in demonstrating tluB fact evpn in porta which were 
already elieesy. On the opposite side, where the gron-th pro- 
jects towards the brain or its membranes, we find that it 
advances nlong the peri\ascular sheaths, in the int^rsticeswbioh 
lodge the vessels, without any octiTe implication of the neigh- 
bouring tissues. It is not often, indeed, that we have an oppor- 
tunity of studying the process in an absolutely unequivocal form ; 
for the guQunuta are ueuily always surrounded by every variety 
of softening, of inflauimutory and apoplectic changes, which 
hinder due investigation. 



i 



. Tumoiim uhirh xtmi from the Nfiiro'jlic. 



42. I httve elsewhere (S 087) given my opinion concern- 
ing the textural peculiarities of the neui-ogUa ; here therefore 1 
need only say, that tumours of the neuroglia start essentially 
from its corpuscular elements. Tlic small, round, and still 
enigmatical oorpiiselos which are briefly termed the " granules " 
of the nerve-cement, are capable of producing large and con- 
tinuous aggregates of cells by repeated multiplication — ^aggre- 
gates which present themselves to iis in the form of tumours. 

% 743, Let us begin with the tumour to which Virchow has 
given the name of i^lioma. This was formerly knon'n as a 
sarcoma, and I should not hesitate to retain the old name but 
for the fact that the local infiuciiee of the parent-soil makes 
itself felt in these sarcomata to so exceptional a degree, as to 
justify ihcir right to a special name. One of the moat striking 
peculiarities of glioma might be included in its name, if we were 
to call it a " gliomatous degeneration of a particular portion of 
the brain." If we have a glioma before us, we are able, as' :i 
rule, to say precisely — that this or that segment of the brain, 
f.ff. the optic thalamus, the corpus striatum, the anterior part of 
the centre of ^'^ieuasens, a large piece of the cortex cerebri— -has 
been transformed into the glioma, llie parts retain their main 
outlines, but I hey have lost all tlieij' textural peculiarities; the 
gliomatous tissue having replaced all the elements of their 
proper structure. Spheroidal or nodular gliomata are never 
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tnmoiirs of tlie neuroglia put together ; they arc met with in all 
parts of the brain and cord, either really alone, and then usmiDj 
of considerable size — or in several smaller nodules, disaeminated 
through the organ. Their fiiTonrite seat is in the cortical sub- 
stance of the cerebrum and cerebellum, where they are developed 
close upon the cortico-medullary boundary. They are dunrao- 
terised by a singularly uniform rate of growth, extending in all 
directions with equal rapidity ; hence, so long as Ihey do not 
meet with any one-sided obstacle to their advance, they oontinue 
globular. Caseation begins at their centre before they veach 
any great size. The smallest tubercle I have ever seen, was 
made up of an aggregate of from three, to six nodules no bigger 
than a pin's head, but already cheesy. The parts which have 
once undergone this change, either remain quite stationary, or 
earthy salts may, though rarely, be deposited in them; the 
latter change, of course, excluding all possibility of further 
metamorphosis. This stiffening of the formed parts of the 
tumour contrasts strikingly with the incessant growth going on 
at its periphery. We seldom find a nodule which seems to have 
completed its term of existence. It is usually surrounded by a 
soft, reddish-grey, vascular layer, which contains the formative 
elements of the tumour in the shape of an embr}''onic tissue rich 
in nucleated round-cells. The thickness of tJiis layer is in- 
versely proportionate to the size of the tubercle. In nodules as 
big as a pea, it averages a good line in thickness ; in those as 
big as a pigeon's egg, barely half a line. The tissue is con- 
tinuous with the cheesy nodule on one side, with the healthy 
brain-matter on the other. To obtain an insight into the finer 
anatomy of the growth and its secondary metamorphoses, we 
must therefore make vertical sections which include the unaltered 
brain-matter, the grey layer of embryonic tissue, and the cheesy 
substance. This can only be done by carefully hardening the 
specimen in Mulkf^a fiuid and alcohol. What do these sections 
tell us P They show that we are not justified in summarily 
regarding all solitary tubercles as identical with one another ; 
that we ought, on the contrary, to recognise two distinct varieties, 
extraordinarily like each other in their coarser aspect — sc, a 
truly tuberculous and a non- tuberculous species of the solitary 
cheesy nodule. 

S 746. Let us begin by considering a vertical section through 
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K Aften nuBlied up, leavlug only u tioirow zone whicb environs tlie 
' pool of blood ; still, this is eiiougli to betray the original nature 
of the mischief. 

GUiomata are ainoiig the most alow-growing of ull tumours ; 
hence, too, they sometimes attain a considerublc size. Thut they 
are capable, to some extent at least, of undergoing reti-ogiadp 
changes, ia shown by the frequent occurrence of fatty degenera- 
tion in their interior; but it is moi-o correct to sco in these 
indications of degenerative change, not so much u prospect 
of rocoverj-, as an imminent risk of apoplexy, which threatens 

»the patient's life as soon a.^ the absolution of the fatty d^brt^ 
iovrers the tension iind lemovps the piessiire upon the vessels in 
the interior of the tumour. 
S 744. Myxojiata of the nervous matter ought to be con- 
sidered from verj' much the same point of ^lew as gliomalu. 
Mj-xorau, in contrast to glioma, is more conunon in the spinal 
cord than in the brain, and more common in the jwripheral 
' nerves than in the cord. This may depend on some diffcrenci- 
in the neuroglia, some slight modification in the parent-soil of 
the growth. Myxoma replaces glioma in the peripheral parts of 
the nervous system. In origin and growth they ai-o uliko. 
Mvxoma sets out from an overgi-owth of the norve-cement, the 
]»erineuriimi ; it extend:* luiifonnly in all directions by iniiltra- 
_ tion. The fibi-ous bundles of the cord or the peripheric nervers 
I are pushed asimder and partly destroyed. In the nerves, 
myxoma forms spindle-shaped enlargements— *neirojiata in 
the broader sense of the word. 

Following Viivlioir, wc draw a sharii line of distinction 
between true and false neui'omata. The outward form is thw 
same in both ; a uoduhir or fusiform swelling of a peripheral 
nei've-trunk. But true ucuroma consists chiefly of newly- 
formed uer\e-fibrcs, while false ueui-omata arc produced by a 
local proliferation of the interstitial comiectivc tissue. This 
interstitial proliferation most commonly presents a fibroid 
ehuracter ; more rarely that of a mj-xoma or of the softer, lipo- 
matous variety of sn-coma, 

% 745. Finally, what is known as soi,rrABV tubekci-f. of 
k the brain must also be i-egarded as a pi-oduct of the 

These yellowish- white, extremely tough and 
iecsv nodules are more common than all the above-enumerated 
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the face of the api>earances figured above, we can hardly attempt 
to retain our ordinarj' notions of caseation (§ 33). We look in 
vain for a fatty-granular metamorphosis of the embrj'onic tissue, 
for the shrunken cells — ^the tubercle-corpuscles of LebcH. The 
onlj' thing which recals fiitt}' degeneration is a tolerably dense, 
finely-granular dust, which masks the oldest parts of the tumoui* 
(f»), without lea^-ing us in doubt for one moment that the texture 
is made up, not of cells, but of fibres only. The development 
of fibres between the corpuscular elements of the embryonic 
tissue {c)y is clearly the change which converts the soft embrj-- 
onic tissue into the hard tubercle. But the growth of fibres, 
and the condensation, predominate so enormously over the cor- 
puscular structure, even at the very edge of the tumour (r/), 
that we may imhesitatingly call the tissue " fibromatous." Even 
the intimate interweaving of the fibrous bands, which we regard 
as a sign of increased tenacity where it is physiologically present 
(cutis), and which is so marked a feature in the fibromata, i.s 
here apparent. What evidence for the tuberculous nature of 
the growth can we bring against all these facts ? That it i.< 
occasionally associated with miliaiy tuberculosis ? ' But that is. 
common to all cheesy lumps. May we regard the productive 
layer 6 as a stratum of miliary tubercles ? Certainly not ; even 
apart from the fact that in this case the tubercles would have i*y 
undergo a* metamoi'phosis, seemingly cheesy, but really of a 
fibrous character. 

From all this I conclude, that there are "solitarj- tubercles'' 
of the brain and spinal cord, which deserve rather to be called 
fibroid tumours. Granting this, we have a very satisfactory 
agreement between the neuroglia-tmnours and the sarcomata 
generally ; we may even recognise in the former the well-known 
fibrous and cellular forms of the sarcomata, modified by their 
place of origin, and the parent-soil from which they spring. 

§ 747. On the other hand, we find small cheesy nodides, 
usually multiple, which prove on minute examination to be really 
tuberculous. Even with the naked eye, we can see that the 
grey zone of proliferation which surroimds them is not of a 
imiform texture, but consists of spherical nodules, each of which 
corresponds in shape and size to a miliary tubercle. If we shell 
out the central cheesy limip, we see that even its surface is beset 
with roundish elevations and protuberances. The cheesy nodule^ 
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is accordingly made up of dead, the proliferating zone of living, 
miliary tubercles ; and this view is thoroughly corroborated by 
microscopic analysis. The whole process is a Phthisis tuherculosa 
of the brain, entirely analogous to the destruction of the kidneys 
by localised miliary tuberculosis, &c. 

Disseminated tuberculosis of the nervous svstem has 
already been described under the bead of Leptomeningitis 
(§ 697). 
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XVIIL-MORBID .INATOMY OF THE MUSCUUR 

SYSTEJI. 

§ 748. The two chief constituents of voluntary muscle, sc. 
striped fibres and connective tissue, differ in their liability to be 
primarily affected by the various morbid changes to which the 
muscle as a whole is subject. I say "primarily," for it is 
often in the earliest beginnings of a process only, that it is 
exclusively confined to the muscular fibrilla) or to the connective 
tissue ; the mischief tending very quickly to spread to the other 
constituents also. In certain cases indeed, we shall find it quite 
impossible to decide whether the morbid change has begun in 
the connective tissue or in the primitive fibres; I prefer accord- 
ingly to follow the customary clinical arrangement of the sub- 
jects, instead of grouping them on a strictly anatomical principle. 



1. Atrophy and Hypertrophy. 

§ 749. The brown variety of atrophy, with which we became 
acquainted in the heart, as a consequence of progressive impair- 
ment of the general nutrition of the body (senile marasmus, 
cachexia)), is never met with in the voluntary muscles. Fatty 
degeneration, too, is very rare (fig. 203), save as a result of 
parenchymatous si^'elling (§ 36). Forster refers progressi\'k 
MUSCULAR ATROPHY, which gradually involves a variable number 
of muscles, to a fatty degeneration of the muscular fibres. Of 
greater moment as regards the voluntary muscles is simple 
ATROPHY, and that which is complicated with an interstitial de- 
velopment of fatty matter. This disorder nearly always affects 
such muscles as are kept in forced repose for long periods of 
time, as e.g. the flexors and extensors of an ankylosed joint. 
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^naralyscd rnusclcs, Ac. Simple atrophy nuniifpsts itself by a 
^Hfcnokiiig of the individual fibroa. On examining it transverse 
^Hection of tho ivastMl muselc, wc may perhaps fail to discover a 
^Kmglo fibre whieh still fills np the space allotted to it. The 
■ eoiitrbotilc substance separates from the snrcolemma, which re- 
mains in connexion with the interstitial connectirc tissue. It 
fonns a loose sac, which it is more and move diiBcult to isolate in 
proirortion to the length of time the disease has lasted; for it 








I Uiwi'ilUr fibres 
fttlly degenerati 



Simi>!c otmpliy of musele, a. lu- 
terstitial conueutivu tiftsac ivHli 
\nTge corjm^es ; b. MuscuUir 
lilires in varioiia utages of atro- 
pliy [ 3. Capiltftiy vMset eoiitniii- 
iiig lilooil. fffnj. 
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aida with the connective tissue, wliose bulk it nctnally servos 
> increase. The corpuscular elements, too, of tho interstitial 
me appear to contain more than their usual amount of proto- 
plasm (fig. 204), and ore ^vell suitetl to cnni-inco an unbeliever, 
if such there be, of the existence and vitality of the intermus- 
_ «u!ar conn ec tive-tis.su e corpuscles. In the vast majority of ca^es, 
these cells undergo a complementary infiltration with oil ; they 
! converted into fat-cells. This combination of atrophy of 
ffie muscular fibres with fatty lufiltrotion of the connective 
tissue, fnmishes a very beautiful set of appearances. Fig, 20-5 
repi'eaents them in longitudinal section. The fat-cells, of uniform 
average size, arc arranged in rows, which, I^nng parallel willi 
^bose muscular fibres whieli still i-emain, seem each to replace 
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an obliterated fibre. It need hardly be said that this appearance 
is purely accidentaL The figure also includes a fibre whose 
contractile substance has already given way at several point«; its 
deficiency at these points enables us to trace the sarctd^iuna as 
an empty tube from one fragment to another ; there is no trace 
of oily matter to be seen in the interior of the tube. 
Fiti. aij. 




Siiiiplc ntropliy witli inltrstilial develLpineiil of Tat. a. ^\'a3U-il 
inu»cular filjtes ; b. Tlio i-tws of iiiternlitinl fut-celk numiiig 

[MinJlel to till; filllV?. :;Jg. 

A precisely similar substitution of adipose tissue for obsolete 
muscular fibres takes place in the muscles of animals which are 
being fattened ; in this case, however, the deposit of fut in the 
interstitial connective tissue is the primary' phenomenon, while 
the disoppearance of the fibres, though it may be partly due to 
the wont of exercise, is really secondarj-. 

^ 750. Another step brings us to si'urious iiypektrophy of 
Ihc muscles, which has lately beeu attracting renewed attention. 
Single muscles, or whole groups of muscles, swell nnthiu the 
(icriod of a few months ; but the swelling is so uniform that their 
anatomical form is maintained, though on a larger scale. This 
sceniiug hj-pcrtrophy is not, however, attended by any increase 
of functional power ; on the contrary, the muscles grow steadily 
weaker, and arc at length quasi- paralysed. On examination. 
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• they arc found to be saturated with oily matter ; the Hbrcs 
ai'c not wasted, but merely held nsimdei'. Not one of them is 
contact with its neighbours ; tbey are lield apart by a tow of 



interstitial fat-cells (fig. 200). 




I 



Tmiisversc section Uiitrngli ii iinufle in ii sUlii of spiuious 
liypeitrniJiy. Tlie uwiilleretl fibres ore wpawlwl froui una 
iiiiotlier !iy an intcrstilial Oevelopniuiit of I'lit-ctlls. ^iW- 

i 751. Tkue iiYPER'rKOi'HY in strikingly exemplified only by 

' the muscuhir substance of the heart, and has already been fully 

" described (§ 235)-. There can be no doubt that the voluiitaiy 

muscles of the trunk and extremities gain both in size and power 

through exercise ; yet it is hardly possible, with the means now 

at our command, to demonstrate this hypertrophy anatomically. 



2. Intlamjiation, 

S 752. Inflammation of the mu-scles {3fi/o-ii{k) may bo either 
acute or chronic. The acute form begins with parenchjTnatous 
awolling, and pusses into suppuration and abscess ; the chronic 
variety is duo to long- continued or often repeated hj-peraania 
(rheumatisiu, repeated meehanicnl Irritation), and passes into 
overgrowth of the interstitial connective tissue, fibroid and 
osseous metamorphosis. The contrast is the same as that between 
acute and chronic inflammation of the liver, and seemingly i-ecurs 
in all the inflammations of parencbymatouB organs. 

S 753. ActTE MYOSITIS admits of being investigated to most 

advantage — as regards its earlier stages — in embolic, thrombotic 

apoplectic conditions of the larger muscles. The first and 

lief factor iu the process is a parenchymatous swelling of the 
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muscular fibres. I have already described this as it fweseate 
itsdf in the muscular substance of the heart (§ 24A) ; but I find 
that my description was too narrow to embrace the HiMiifeld 
variety of the phenomena as they occur in the voluntary mxmje^. 
The granular cloudiness is often subordinated to a peculiar change 
in the contractile substance which renders it at once more homo- 
geneous and more bulky. The nuclei become invisible; the 
transverse strioD disappear. These changes, however, do not 
always affect the whole length of the fibre equally, they are more 
often limited to small portions of it ; imstriped, swollen, almost 
glassy tracts alternating with others which are relatively nonnaL 
The segmentation of the fibre, so often seen and described, by 
transverse fissures recurring at brief intervals, makes these differ- 
ences all the more apparent. The entire phenomenon gives one 
the impression that the distinction between the more and the less 
highly refracting, the more and the less dense substance of the 
fibres, is being effaced ; as though the " sarcous elements " were 
swollen and dissolved, combining with their cement to form a 
homogeneous mass of glassy lustre. 

In typhous myositis, where parench^^matous swelling of the 
muscular fasciculi also plays some part, we shall have an oppor- 
tunity of acquainting oui-selves with a further metamorphosis, 
termed by Zcnler " waxy "; this is directly continuous with the 
stage we are now considering. In the common form of acute 
myositis the speedy onset of suppuration in the interstitial con- 
nective tissue makes it hard to trace the further course of the 
morbid changes in the fibres themselves. I have inost frequently 
observed fatty degeneration of the inflamed fasciculi ; and it also 
seemed to me as though their rapid loss of bulk were in some way 
related to the production of pus-corpuscles within the sarcol^nma 
— as if the substance of the muscular fibre were used up by the 
pus-cells in the exuberance of their development. Of coarse, 
this cannot actually be seen ; still less, however, ^2an one resist 
the inference I have just suggested, when observing this simul- 
taneous growth of pus-cells and diminution of muscular sub- 
stance ; and I see no reason why the hypothesis should not be 
recorded as such. 

The pus-cells, which speedily accumulate in large numbera 
and form an abscess, originate therefore, according to the view 
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wliicli baa hitlierto becii received, by proliferation of tlic cor- 
puscular elementfi of the interstitial connective tissue ; aome part 
ihom arc the progeny of the so-called muscle-corpufidcs, i.e. 
of those scattered nucleated remnants of the embryonic cells 
from which the muscular fibre was originally developed, and 
which are left sticking to the inner surfcce of the aarcolemma 
(C. O. Weber). The hollies of entire muscles, e.g. of the psoas, 
may be converted into pus; more commonly, however, the 
nlMceee is limited to a spot varying in size from a pea to a walnut, 
Recording to the cause in each particular case. In myositis from 
cmboliam the inflammation barely oversteps the limits of the 
plugged area. The sequestration and expulsion of the pus, fol- 
lowed by repair — or the resolution of the morbid process, should 
the latter occur— ensue according to the known laws of healing 
by the second mtention. 

<j 7-54. CiiKOMCMVosiTis runs its course without suppuration, 
unless this should intervene accidentally. While in acute myositis 
B ucrtajn degree of auEcmici goes hand in hand, at any rate, with 
the parenchymatous swelling, or is perhaps cau^ by it — hyper- 
sciuia takes up a far longer prodromal stage in chronic myositis. 
Bhemnatic inflammation of the muscles does not usually leave 
permanent vestiges of its presence till it has recurred again and 
again, during a period of years, in the same muscle ; so, too, in 
the production of the "' nuinual exercise" and "' cavalrj" bones, 
it ih only the incessant renewal of traumatic congestion which 
ultimately leads to the development of the ossifying blastema. 

Chronic myositis, when once it gets beyond the stage of 
hyperemia, manifests itself primarily in the development of an 
htteratitial embryonic tis^nie. The muscular fibres take no part 
whatever in tbe process ; the only question is whether the em- 
bryonic oells arc derived solely from the corpuscular clemcnta of 
theinterstitial tissue, or whether they may not in part be emigrant 
leucocytes. Here, as in so many other forms of chronic inflam- 
mation, we arc able to prove thot the sheaths of the vessels arc 
much thickened, and that this thickening h due to their being 
infiltrated with round-cells. As regards the interstitial em- 
bryonic tiaeuo itself — the " exudation " of authors — it cannot be 
dtstinfaished in any roapcct from the ordinary type ; it is of a 
reddish- grey colour, pernjeated by newly-formed capillaries, and 
Bpontaneouidy dispo-tcd to undergo fiirther metamorphosis in any 
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direction. It usually becomes organised into a tough, dense con- 
nective tissue. The development of a " fibroid patch " is espe- 
cially characteristic of rheumatic inflammation. In the interior 
of this patch the muscular fibres wholly disappear, and nothing 
is ultimately left beyond a narrow, ribbon-like strip, which re- 
presents the entire belly of the former muscle. 

The same series of changes (I may remark by the way) occurs 
during the union of the divided surfaces, when a wound has 
broken the continuity of the muscle. A regeneration of muscular 
fibres in the cicatrix has been vainly looked for ; observers having 
been repeatedly misled by the appearance of the spindle-shaped 
cells which are normally present in one stage of the healing 
process. 

§ 755. Ossifj-ing myositis (JA. ossificans) is merely a variety 
of the chronic form. It underlies the two pathological curiosities 
above alluded to, sc. the " manual-exercise bone " of the deltoid, 
and the " cavalry bone '' of the adductors of the thigh ; it is 
also met with as a constitutional disorder, affecting several 
muscles at once, first in the back and afterwards in other parts 
of the body also. The embryonic tissue passes directly into 
compact bone- tissue. The "manual-exercise bone" is usually 
a three-cornered ossification, developed in the substance of the 
left deltoid near its tendinous insertion ; by concentric apposition 
of new bone, it may reach an average length of 3 to 5 inches, a 
width of from 1 to 2 inches, and a circumference of firom 4 to 
5 inches. In the old drill of the Prussian army, there used to 
be a very favourite movement, in which the barrel of the musket 
was clapped against the spot in question with great force. The 
** cavah'y bones " in the adductors of the thigh originate in the 
same way. Wc have recently been favoured with an interesting 
essay by Munchmoycr on Myositis ossificans multiplex progressiva ; 
he establishes the histological fact that the disease depends on a 
tnie ossification of the interstitial exudation. 

A simple deposit of calcareous matter may take place in the 
primitive fasciculi of the voluntary muscles ; this must not be 
confounded with ossifying myositis. It is a mere pathological 
curiosity, and takes a very modest place in comparison with the 
terrible deformities of the muscular system to which ossifying 
myositis may give rise. 



3. Tyrmn* (ExTEitic Fevek). 

S 75C. Patliologisia had long kiiowTi that abscesses in the 
muscles wore occasioiiiillj' met with iii Typhwi iihilominalh ; tut 
Henker's beautiful researches, which opened out a new path in 
this direction, first taught us that the myositk t'ljiho^a, to M-hich 
these abscesses ure due, was fur iVom being riiro. This variety 
(jf myositis chiefly affects the adductor group of muscles on the 
inner side of the thigh. There, amid muscles otherwise healthy, 
we come upon a circumscribed patch, from 1 to 3 inches in 
diameter, distinguished cither by the coarser fasciculi being 
swollen, pale, and waxy, or by its being softened into a, reddish 
pulii — the entire mass presenting a supei'ficial resemblance to a 
muscular abscess. 

The textural alterations which miderlie these coarser abnor- 
malities are among the most interesting in tho whole domain of 
pathological histologj-. We arc able to distinguish three pro- 
cesses, which go on together, and every one of which originates 
and runs its entire course in one of the several constituents of 
the muscle. Each forms an independent series, while they nil 
co-operate in the task of destruction and renewal which is 
taking place. 

ii 707. Let us first of all consider that factor which may, 
and in my opinion, must be viewed us specifically " typhous," 
I refer to the corpuscular infiltration of the intarstitiul connective 
tissue. In treating of ti/jihim alMloiiiiiiiilk {% 112, cf ■'^eqq.) I 
found myself obliged to admit that tho morbid prot^css culmi- 
nated in the production of a cell-fonn, which dccidetUy outran 
the ordinarj' piLS-corpiiscle in the degi-ee of its individual 
dovcloijment. The "tv-phous cells" indeed, are comparatively 
small, uninuclear elements ; yet they contain more protoplasm, 
and are so far bigger than lymph and pus-coi-puscles, white 
blood-corpuscles, &c. Crowded info « confined sjiace, they 
assume an irregular, often quite iwlygoual form, and begin to 
remind the observer of epithelial cells. But degenerative 
changes speedily set in, and tlie cells break up, mostly by fatty ^| 

metamorphosis, into oily iMirk capable of reabsorption. Tho ^| 

Ee sort of cell recurs in those medullar}' infiltmtions caused ^H 
T. ahflomtHnlU in organs not primarily involved, r.ij. on the ^H 
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pleural surface ; and we undoubtedly find it in the interstitial 
infiltration of the muBoles. The striking dimensions and poly- 
morphism of the ''pus-corpuscles" figured in the annexed 
drawing (fig. 208, r) between the muscular fibres, must not 
therefore be ^dewed as a graphic error. Nay, I regard the 
interstitial products, whether they result from a proliferation of 
the connective-tissue corpuscles, or consist of migratory cells, as 
identical with the medullar}^ infiltration of other organs, even 
though the naked-eye appearances arc not the same, owing to 
the difference in the associated elements of the parenchyma. 

§ 758. The relation in which the corpuscular infiltration of 
the connective tissue stands towards the changes in the muscular 
fibres cannot as yet be precisely formulated. Waldef/cr has 
called attention to fibres which are wholly enveloped in young 
colls, nay, which appear to have been actually converted into 
such cells. This would oblige us to assume, either that these 
cells had immigrated into the tube of sarcolemma, or that the 
muscle-corpuscles upon its inner surface had, at least in part, 
undergone a proliferation identical with that of the connective 
tissue. I say expressly " in part," for they are mainly held in 
reserve for the work of regenerating the muscular fibres, after 
the great bidk of these, «r. of their contractile substance, has 
been gradually but completely destroyed. 

§ 759. This brings us to the changes in the muscular fibre 
itself. It is clear, from what has just been said, that the 
behaviour of the contractile substance has to be strictly dis- 
tinguished from that of the muscle-corpuscles. The contractile 
substance passes directly from a state of parenchymatous swelling 
into that of waxy metamorphosis {Zenker), Indeed the oblong 
fragments into which the contractile matter is broken up, are 
characterised by a very striking, though soft, waxy lustre ; and 
the comparison with wax is rendered all the more apt by their 
melting visibly from their edges to their centre ; their angles 
are blunted; they accommodate themselves to the structural 
elements which claim a place beside them (fig. 207, a), A fatty- 
granular cloudiness of the muscular substance has hardly ever 
been observed ; the fragments usually grow smaller and smaller 
and finally disappear, retaining their lustre and waxy consistency 
to the last. With regard to this part of the process, a most 
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gratiiyuig unanimity prevails among ohsen-ers. Kot so with 
tbe tikiid stage, the regeneration of tUe fibres. 

I am veil aware that I differ fnnii many authors, and 
partioulaFly from the meritorious i^itler, in a^rilnng the re- 
generation of the affected fibres to the activity of the pre- 
existing corpuscles contained in the tubes of sarcolemma. I do 
this only because my convictions on the subject are very firm. 
Transverse sections (fig, 207) ore better adapted than longi- 
tudinal ones or specimens teazcd out with needles, for aho^ng 




n young 



Myositis tyiihosa, Tmusvoi'se section, j^u- "■ Contnicttle sulf- 
staucc in a utale of waxy degtaemtioii. Nt'\t it iirc seen 
the cells destined fov iU renewul, wliidi arc ei-esceiilic in 
tnuisi'ersc section ; h. A tube of sarcolcmiua witi 
fibre, circulot in trnnsvenie sertion ; c, Auotliei 
young fibre which ih still seBuhiiuu' in liiuisverbc section, 
and cnctous n gap wbicli miglit have eontuined n last 
Temunitt of the Mibtttanco undergoing degeneration ; d. 
Another, containing a number of typlious culls, togetlier 
with the remains of the old fibre ; e. Inlerstitinl connective 
tisane infiltmteil with tyi'lioui ci'll-. 

that the new fibres arc develope<l inside, and not between the 
tubes of sarcolemmu. These new fibres, just as in normal 
development, present themselves in the form of elongated, fusi- 
form and ribbon-shaped elements, furnished with a fincly- 
granular protoplasm, and a large ntunbcr of minute, vcHicular 
nuclei ; the latter being arranged in longitudinal rows of from 
two to twenty each (fig. 208, b). These cells adapt themselves 
to the space at their disposal ; they begin by forming narrow 
bands, oresoentic in transverse section (tig. 207), and closely ivi- 
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lierent to the hitherto little-damaged cylinder of contractile sub- 
htanCG ; when the cylinder is broken up, and transverse clefts 
appear between the melting fragments, the protoplasm of the 
growing fibre? forces its way into these interstices ; the fibres 




Myo'.iiis liiho 1 Filjn.1 'ccn linotli"'-* , siieLimen preiwrwl 
jjrlh 1* Mdmn jmillj bj tinrii^ ^\llll iieeUlcBi. n. The 
wiLW cuiitniitilL -111) taiiLi, of tlic old iiiuiM-ular filires ; 6, 
(Tlio t-Iiailing In transverse lines instead 
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iinlj for tlie eoiiMiiience of tlie engraver, 
t be taken to denote the presence of trtins- 
t tlui Liirly stage.) e Tulic of sarcoleiiinia 
iirj \aY^ miinljer of typlioits cells leather 
iLinnaiilfl cf the (uitractile Mibstance. Tlie 
iimli\eli-sin, rii-IiU infiltrated with ctUa, ^^. 



thus appearing to be studded with conical projections. Trans- 
verse sections also show liow the old muscular fibres as they 
shrink and the young ones as they grow, share the space 
afforded by the cylindrical tube of sarcolemma between them. 
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The fonner look like rounded lumps, while the latter are 
crescentic, embracing and finally enclosing the former. As a 
rule, each tube of sarcolemma contains only one new fibre ; it 
may, however, contain several. In the latter event, they co- 
alesce with one another both transversely and longitudinally 
without any difficulty. The last remnant of the old muscular 
substance finally disappears, and a single new fibre, produced by 
the fusion of several corpuscles, takes its place. This grows 
bigger, and assumes a transverse striation; the nuclei distribute 
themselves uniformly upon its surface, and the new fibre is 
complete. 

In the meantime, before the restoration of the fibre has 
reached completion, the infiltrated roimd-cells become fatty and 
are re-absorbed. The myositis tj^hosa subsides, like the 
medullary infiltration of all except superficial parts, without 
leaving any vestige of its presence behind it. 



4. Cancek. 

§ 760. The primary occurrence of very soft medullary sarco- 
mata in the muscles (§ 761) has probably led to their being 
confounded with soft cancer ; we may say broadly, that inde- 
pendent cancerous tumours in the muscles are always metastatic ; 
they take the form of nodules of various sizes. Of course 
muscidar tissue may be invaded by such cancers as extend by 
continuity of tissue. Epithelioma of the Up involves the labial 
muscles, cancer of the tongue is propagated to the lingual 
muscles, cancer of the optic bulb may infiltrate the muscles of 
the orbit. In every one of these cases, it has been clearly sho\^Ti 
that the behaviour of the muscular tissue is, in the main, passive. 
Cancer of muscle is essentially an interstitial infiltration which 
separates the muscular fibres from one another, causing them to 
waste and finally to disappear. This is unconditionally true of 
the contractile cylinders. Doubts may arise as to how far the 
muscle- corpuscles or cells of the sarcolemma may participate in 
the morbid growth. That they may do so in every form of 
cancer, can hardly be disputed by any one who studies the 
drawings given by C. 0. TTcher in Virchow's Archiv, xxxix. 
Plate V. Whole nests of cells are seen to be developed in the 
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interior of the macular JibreSy in cftses wherd an epitiidionui 
extends to the labial mnseleBy or a scinrlms of tlie breaflt to tiie 
pectoralis major. On tlie otber hand, we niiist remember tluit 
this phenomenon is by no means constant. In all the eases of 
soft cancer of the muscles which I hsve perMoallj investigated, 
I have been able to assore myisdf that the mnscde^corpiisbleB in 
the wasting fibres remained inactive. The precise range of 
Weber^s observations must therefore be left nndeoided for the 
present. 

5. Sarcoma. 

§ 761. Sarcoma of the muscles Is also an interstitial growth. 
This fact has lately been established by C. 0. Weber in a case of 
Oliosarcoma of the crural nerve which had invaded the Sartorius. 
As regards the soft sarcomata, which occur as primary tumours 
in the muscles, I -would beg the reader to notice the state of the 
perivascular sheaths. I do not mean to say that the tumour 
originates in them ; but >vithin and immediately aroim^d them 
it exhibits a peculiar tendency to vary. For instance, in a 
sarcoma of the deltoid, consisting throughout of round-cells, I 
noticed sharply circumscribed areola) round the vessels, within 
which the sarcoma presented a large-celled structure, and even 
contained a few giant-cells. This sarcoma recurred for years 
after its extirpation, and proved fatal at last by metastasis. 

The occasional occurrence of cavernous tumours in the 
muscles has been fully discussed in § 129, et seqq. All other 
histioid tumours — ^fibroids, lipomata, myxomata, enchondromata 
— are but rarely met with in the muscles ; in any case, they do 
not belong to the muscular tissue as such, but are developed in 
the intrafascicular layers of connective tissue. 
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Archiv, vol. vi. p. 712. Roser, Arcbiv f. Heilk., vi. p. 136. 
Bbicship, Med. Chi. trans., x. p. 190. Beobacbtungen iibcr den 
gcsundcn und Krankliaftcn Bau der Knochcn. Leipzig, 1822. 
Scarpa, iibcr die Expansion der Knochcn. TVeimar, 1828. 
Mieschcr, de inflammationc ossium, 1836. Kelaton, Elemcns de 
patbol. chirorgicale. Paris, 1841. Virchoic, Archiv, iv. p. 301. 
Billroth, Beitriige zur path. Histologic. Berlin, 1858. Langen- 
beck's Arcbiv, vol. ii. R, Volkmann, zur Histologic der Caries 
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u. Oalitip. Lnngenbeck's AitliiT, vol. iv-. ; Hilbch. der Cliti-ur,;i'.', 
Pitha II. BlUrotli, vol, ii. Abtli. 1. See also under Siiicomn, 
Rickets, &c. 

CAtcrncATtos. Me'icr, Ztsclirft f. rationfllo mcdi,;!-, 1851, i. 
SchrOiicr van iler Kalk, Nedcrl. Lane, 1853, p. 97. 0. li'thi; 
V. A., vi. p. 561. Virchoie, V. A., viii. 10.1; ix. 618; ;.x. 40a. 
meke], Mitrogcologie, 1S5G. Mfchnaun, V. A., 1858; xv. 540. 
Paiiliehj, liVipncrmcd. Wochcneclirift, I8G8, Soe Endoartmli^, ' 
Paammomn, Sarcoma Ostcoldcs, &o. 

Cascer. Apart from the older literature, whicli ia relatively imim- 
portnnt as regards the pressing questions of pathological histology, 
though very extensive (for bitiiography see Fti>ter'» Handbook), 
we Liive tlio following more rceeut contributions : — Bfnneli, On 
Cancerous and Cancroid Growths. Edinb. 1849. Lthert and 
Jiougft, Gazette 5red., Sept. 1850. v. Bart»>prung, Beitriige zur 
Anatomic u. Pathologie der Haut, 1848. Frtriehi, iiber die 
destruircndeEpithoiialgcsohwiilste. Jen. Annal., 1849. Virehow, 
iiber Cancroide und PapillargREchwiilstc. Sitzung der pliys. med. 
G(!s. za Wiirzbiirg, May 4, 1850, Verb. i. 106. Lfb*rl, Truito 
pratique des maladies canei'reuses, 1851, 218. Fuhrer, Deutsche 
Klinik, 1851, pp. 365-07. 12obm, Gaz. dcs Hop., 1852, p. 41. 
Itokilamhj, Stubor. d. Wion. Aeademie, 1852. BiJdfi; Miiller'B 
Ari'hiv, 1852. Gtrlach, Zottenkrcbs, 1853. Hannortr, das 
Epithelioma, 1852, Vtrneuil, Arch, gt'ni'r., 1854, i. p. 555. 
Seiiiai, Deutsche Klinik, 1854, p. 170. Porta, deitumori sebacei. 
Milan, 1856. Schmidt, Juhrbucher, xcvi. 127. Zobitci, V. A., 
JEvi. p. 160, iifjq. Fiirtifr, V. A., 1858, xiv. p. 108. rirchow, 
iibcr Perlgeschwiikte, V. A., 1855; Gazette hcbdom., 1855- 
Pohl, V. A., 1855, p. 348. Fortter, Constatt's Jahresber. 1855, 
ii. p. 29; V. A., siv. 1858, p. 120. C. 0. TTehfr, Chirurff- 
Erfahrungen, 1859, p. 269. J,o)lrl, Essai monogrnphiquo snr 1** 
pn'tendu Cancroide labial. Tht-so, 1861. r. Brum, Hdbueh, i»- 
Abth. ^iwn. Bulletin ile r.\cnd. de Med., Nov. 1855. Poh^ ■, 
Canstatt's JahroBber. 1856, iv. 389. Verntwl, BuUetin de 1 *" 
Sooiett' Anatomique, Fi'vrier, 1857. A't'r«/i, Prager Vierteljt>5»*~' 
sehrift. Billroth, iiber Cancroide und Scbleimcystcn, V. A., lSt>f 
xviii. 99. F^rsfcr, Canstutt's Jabresb., 185G. VMinann, V. A. - 
1857, xvi. 293. E. Wagner, Arehiv fur phys. Heilk., ii. 3, 18^^ 
/S.a., 18.58, p. 153. /i;'rf., 1859, p. 306. Arehiv dcr Heilkiii»*^ 
i. p. 157; iii. p. U3. Der Gebiirmutterkrcbs, 1858. i>*»»» 
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Schweiz. Mcmatsscluift, 1858, iiL FtinUry Y. A., 1858, xiy. 91. 
Wiirzburg. ZtBchrift, iv. p. 317. BiUroih, Archir f. Klin. Chir- 
urgie, vii. p. 860. Eiselt, Prager Vtjrschrift, 1862, Ixx. and 
IxxTi. ThUrtehy der Epitlielialkrcbs, namentlicli der Haut , 1 865. 
Walieyer, V. A., 1867, xlL p. 470. JTWi, V. A., xxxyiii. p. 
212. Conu7, Jonm. de I'Anat et de la Fhys., 1864-65. Cwmtl 
ct Bancier^ meme journal, 1866, 3. Jkmmukjf, r^pitheliome 
pavimenteoz. Paria^ 1867. BsckUnghmuen, Ghrafe's Arohiy f. 
Ophthalmologie, 1864, Bd. zii. p. 70. Kdster, Entwickelnng 
der Garcinome, 1869. Langhans^ Y. A., xxxriiL Colmhsim^ 
Y. A., zzzyiiL 1. Birch-Hir$ekfeldj Archiv dor Heilkunde, ix. 
Jahrg. p. 537. 

Gatabbh. Gaterhoehy dc pore ct graniilatione. Bcrolini, 1837. J. 
Vbgelf iiber Eitenmg und Eiter. Erlangen, 1838. Ihrtter, 
Wiirzbnrger Medicin. Ztschrift, i. Bd. 2te Heft. Buhl, Y. A., 
XTi. 168. Bemak, Y. A., xx. 198. Eherth, Y. A., p. 106. 
BindfieUehj Y. A., xxi. 406. See also under Epithelium. 

Ghlobosis. Vogelf Storungen der Blutmiscbung, in Yirchow's Hdbucli 
der spoc. Path. u. Therapie, vol. i. 1854. 

Glotdt Swelling. Virehotc, Y. A., 261. Ehbs, Handbuch i., 174. 

GoLLOU) CiNCEK. Joh. JfuUery Geschwiilste, pp. 8, 16. Zehert, Y. A., 
iv. 192-259. Frerichsy iiber CoUoid-und Gallertgeschwiilste, 1847. 
Broea, Mem. de TAcad, de medec. i. 16. Paris, 1852. Virchow, 
Y. A., i. 201. Wiirzb. Yerh. ii. 318. H. Wagner, Archiv fur 
phys. BQkunde, 1856, p. 106. Archiv der Heilk., i. 157; ii. 
143. F, E, Schultzey Schultze's Archiv, vol. i. Koster, Ent- 
wicklimg d. Garcinome u. Sarcome. Wiirzburg, 1869, i. Abth., 
p. 70. 

GoLLOiD Degeneration. Schrant, Arch, fiir phys. Hlkunde, ix. Ar- 
chiv fiirholland. Beitriigc zurNatur u. Heilkunde, 1858, i. 169. 
Zuschka, Arch. f. phys. Heilk., 1854, p. 9. Virchow, Wiirzburg. 
Yerh., ii., Untersuchungcn iiber die Entw. des Schadelgrundes, 
1857. Onkologie, iii. 2. E, Wagmr, Archiv fiir phys. Heilk., 
1856, XV. 106. Ilaeckel, Y. A., 1859, xvi. 253. RE. Schultu, 
Schulze's .Ajchiv, Bd. i. EbsUr^ Y. A., xi. 502. 

GoLLOiD Goitre. Tourtual, Mtiller's Archiv, 1840, p. 240. Alhers, 
Erliiuterungon zum Atlas, p. 376. Virchow, Yerh. der gcburts- 
half. Gcsellschaft zu Berlin, 1848, iii. 197, 213. Engel, Spec, 
pathol. Anat. Wien, 1856, p. 779. 

GoMEDo. Virchow, Y. A., vi. 552; viii. 413. 

GoxKECTivE Tissue. Virchow, fiber parenchymatoso Entziindung, 
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V. A., 1852, p. 261 ; 1853, p. 217. Tiber Perlgoschwulflfce, 1855, 
Gaz. hebdom., Fevrier, 1855. Cellalarpathologie, 3rd edit. p. 
374. Pohl, V. A., 1855, p. 348. F6r9terj V. A., xiv. 120. C. 
0. Weber y Chirurg. Erfahrungen, 1859, p. 269. See also his 
later writings, in Y. A., and Pitha u. Billroth's Hdbuch der 
Chinirgie. 

Ckoupous IXFLjunciTiox. H. Wagwr^ Archiv d. Heilk., 1866, vii. 
481; viii. 449. a Bayer, ibid., viii. 546; ix. 136. Cf. In- 
flammation. 

Cysts, in general. Best summary in Virchow's book on Tumours. 
HodgJiin, Med. Chir. Trans., 1829, xv. 265. Ebhlrauwhf Mailer's 
Archiv, 1843, p. 365. Frerichs^ iibcr Gallert-nnd Colloid-ge- 
schwulstc, 1847. (Cf. Lit. of Colloid Degeneration.) Bruch, 
Ztschrift f. ration. Mediz., 1849, viii. 91. Bokitansky, Dcnkschr. 
d. Wien. Akad., 1849, i. Wochenblatt der Ztschr. d. Wien^ 
Aerztc, 1855. Ifettenhetmer, Miiller's Archiv, 1850, Vtrckow, 
Ztschr. d. wiss. Zoologie, 1850. Warzburg. Verh. v. 461, Verb, 
d. Berlin. Gesellsch. f. Geburtsh., iii. 224. Wernhery V. A., 1855, 
viii. 221. Beckmann, V. A., 1856, ix. 221. Meckely Illust. med. 
Zoit., 1852. Giral(Us, M^m. de la Soci6te do Chir., 1854. 
JTeschly Prag. Vtjschr., 1860, ix. 36. Fox, Med. Chir. Trans., 
1864, xlvii. 227. 

Cysts of the Ovaby. Besides the works of Hodgkin, Frcrichs, Met- 
tcnheimer, Kokitanski, Virchow, Fox, already referred to, we 
have: — Cruveilhier, Anat. Path. Li v., xxv. i. 2. Biermann, de 
Hydropc Ovarii. Inaug. Dissert. Gottingcn. Filhrer, Unirisso 
u. Bomerk. Dtsche Klinik, 1852. Pflilger, iibcr den Eici-stock 
des Menschen und der Saugethiere. Spencer Wells, Elrankheitcn 
der Ovaricn, 1864. Uebers. von Hohenmuth, p. 251 (Ritchie). 
Eiehwald, Colloidentartung der Eierstocke. "WUrzb. Ztschr. v. 
Mayweg^ die Entwicklungsgeschichte der Cystengcschwiilste dcs 
Eierstocks. Inaug. Dissert. Bonn, 1868. 

Cysts of the Kidneys. Besides the works of Meckel, Virchow and 
Bcckmann, referred to under the general head of " Cysts," sec 
Beckmann, V. A., xi. 121. Bayer, Malad. des reins. Aheille, 
Traite des Hydrop. et des Kystes, p. 562. SangalU, Dei Tumori, 
ii. 107. Cormack, Lancet, ii. 2, 1845. 0, Hewinger, Fall von 
angebomer Blascnniere. Marburg, 1862. (Contains a summary 
of cases of congenitally cystic kidneys.) Klein, V. A., xxxiv. 
504. 
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BiPHTHKRiTie. VirchoWf Handb. d. spec. Path. u. Ther., i. 292. 
Dcutsch. KHnik, 1869, No. 4. Buhl Ztschrft f. Biol., 1868, iii. 
341. E. Wagner, Arch. d. Heilk., 1866, vii. 481. 

Elephantiasis. Jlechr, die Elephantiasis oder Lepra arabica. Laehr, 
1858. Fuchs, die krankhaftcn Ycranderungcn d. Haut, 1840, 
pp. 656, 702. Firehow, Hdbuch d. spec. Pathologic, vol. i. 
p. 218. Teichmann, das Saugadersystem. Leipzig, 1861, p. 62, 
plate 6, fig. 4. Boh, Frdnhl^ de Arabum Elephantiasi, Diss, 
inaug. Brcslau, 1857. Basmimen, Sclerodennia, Hosp. Tidende, 
1867, May and June. Trans, by D. Moore. Edinbiirgh,^1867. 

EMBOLisif. See Thrombosis. 

ExciroxDROMA. J, Mailer, partly in his work on tumours, partly in 
MuUcr's Archiv for 1843. C. 0, Weber, die Exostosen u. En- 
chondrome. Bonn, 1856; Y. A., xxxv. 501. Volkmann, in 
Pitha and Billroth's Hdbuch, vol. ii. Abth. 2, Lief. 1 . BtrcK- 
nirschfeld, Zur Casuistik dcr Gcschwulst-Embolie, Archiv d. 
Heilk. lOter Jahrgang. 

EpiTnELiUM, in Cancer ; the most recent literature only. Burlhard, 
V. A., xvii. 94. Bindfleisch, Y. A., xxi. 486. Thiersch, der 
Epithelialkrebs, namentlich der Haut. Leipzig, 1865, and in 
Pitha-Billroth, i. Abth. 2, p. 532. Schron, Contribut. alia anat. 
fisiol. e patholog. della cute humana, 1865. J. Arnold^ Y. A., 
xlvi. p. 168. Vbigt, Archiv d. Heilkundc, 1869, p. 420. 

ExAXTHEMATA. The gTcat monographs on dermatology by Willan, 
Alibert, Bateman, Baum^s, Fuchs, Green, Plumbl, Cazenave 
and Schedel, Raycr, deal but little, if at all, with the histological 
part of the subject. The father of pathological histology is for 
Germany Gmiav Simon, die Hautkrankheiten, 1848. Then come 
Jlehra, in Yirchow's spec. Path. u. Therapie, v#l. iii. Bdren- 
sprung, die Hautkrankh. Erlangen, 1859, Lief. 1. Auspitz u. 
Basch, Y. A., xxviii. 207 (containing a peculiar view of the de- 
velopment of the umbilicated pustule of smallpox — a view quite 
opposed to mine). Bhstein, Y. A., xxxiv. 598. Kohner, Y. A., 
xxii. 372, Biesiadechi, Sitzungsb. dcr K. K. Akad., Ivii. 1868 ; 
Ivi. 1867. Haight, ibid., 23rd April, 1868. Keumeinn, ibid., 
18th June, 1868. Pagensteeher, ibid., 23rd April, 1868. Kohn, 
ibid., 8th Oct. 1868. 

K.vosTosis. C. 0, Weber, die Exostosen u. Enohondrome. Bonn, 
1856. Bindfleisch, Schweiz. Ztschr. f. Heilkunde, iii. 310. 
Genczih, iiber Exostosen u. Osteophytcn. Erlangen, 1846. For 



ivorv YxoBtoBSy see r^intUMr (E& Knmiliieiteii d. Jkw^pm^ 
organe in Ktlia iz. BiIIrncK'i H'IbiziiL «L CiLirTzrgK. 

Fattt DEttE3rxxAXi03r. BeMaritr V. A., L 20. rirekttCf AKkrr, 
1847, L p. 94 ; viiL -537; x. 407 ; xiiL 266 and 2»8. Wurxb. 
VeA. iiL 349. Barh'r, gh Fdtty De^emizratioD, 1853. BM^ 
Ztschrift t rat. Med. IS-56, tiiL p' 1. H^^pe^ T. A., 18oo, Tiii. 
127 ; xviL 417. C^yfui^iji^, uV&r progr. fettige Mnskdcntar- 
tung, 1855. Wnmit, T. A., 1856, x. 404. O. ITfiflr, V. A., 
1858, xiiL 74; rv. 480. B^tUktr, V. A,, 1858, xiiL 227 and 392. 
Rokitan$ky, Ztachrft d. G^. d. Wiener Aerzte, 1859. WMer^ 
V. A., 1861, XX. 426. Mettenktimer, Aichir lUr Wiss. Heilk. i. 
IleriZj iiber Begeneiation and Begencmtion daix-hschnittencr 
Xerven, V. A., xItL 

Fattt Degexxrahox of the mnscolar sabstance of the heart. Biwtf 
M^m. dc la socieU- d*ob«eiT. Paget, Lond. Med. Gaz. iL Not. 1847. 
^. Z. Ormm>d, Lond. Gaz. Xor. 1849. i?. Qntfin, Med. Chir. 
Trans, xxiii. RokiUntky, (Ester. Jahrb. xxiv. 1, 1840. Weher, 
V. A., xii. 326. Vireh^tc, V. A., xiii. 266. Gerharit, Wurzb. 
Verb. ix. Aran, Kemc Med. Chir. Aoat, 1855. Kennedy, 
Edinburgh Medical Journal, in Canstatt's Jahrcsbericht, iii. 233. 
SenJtUhen, Centralblatt, 1865, Xo. 58. 

Fattt Dboxxebatiox of the Liver and Kidneys. Apart from the litera- 
ture of acute yellow atrophy of the liver, we have — G. Lewin, 
Studien iiber Phosphorvcrgillung, V. A., xxi. 506. Wunderlich, 
Archiv d. Heilkunde, iv. 145-160. Leyden und Munk, iiber die 
Wirkungcn der Phosphorsaure, Ctrlblatt, 1864, p. 659. Ubcr 
Albuminuric u. fettige dcgencr., &c. Berlin, Klin. Wochenschrift, 
1864, Nos. 49, 50. Leitering, V. A., xxx. p. 478. Saikowiky, 
Ctrlbktt, 1865, No. 23. SenJtUhen, ibid. 1865, No. 58. Sai- 
kowtky, V. A., xxxiv. pp. 73-80. Grohe u. Jloskr, V. A., xxxiv. 
pp. 208-225. Kothnagel, Berliner Klin. Wochenscrift, 1866, 4. 
Sick^ Wiirtemberg, Med. Corr. Bl., 1865. (Centralblatt, 1866, 
26.) 

Fattt Ihfiltkation. See under Fatty Degintrulion, u» the two mcto- 
morphoscB huve been considered together by most authors. 

GuoMA. Hoffmann, E. K. Zcitschr. f. rat. Mi^d., vol. xxxiv. 

Gkowth and development: of veHik»ls — //m, die crsto Anlagr dm Wir- 
belthierlcibes, Schulze*s Archiv, ii. A nionogrnph with twelvo 
plates. Leipp' Uillrothf Untersuchuiigcn iiber die iSaf 
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wiokolung der BlutgeTdsso. Berlin, 185G. Ehert\ Histologic 
des Qcfuss-sysiomSi in Strieker's Lelirbuch. Of the lymphatic 
glands : SerioU^ Stzgsber. der Wiener Akad., liv. 1866. Of 
the Epithelium : Arnold^ V. A., vol. xlvi. Bieiiadeehi aDdPa^en- 
tieehery Wiener Stzgsber., 21st June, 1867; 23rd April, 1868; 
19th March, 1868. 

llAifi-sACs, dislocation of. JFerthem, Sitziingsberichte d. Kaiser. 

Akud. Bd. i. April. 
Hk.vrt, hjrpertrophj of muscular substance of. J^fpPt die path. 

Terandemngen d. Muskels, Diss. Zurich, 1853. Jf^edl, 1. c., 

p. 227. Lebfit, Traite d'anat. path., i. 448. ForBter^ 1. c, 

p. 659. 

IxFLAMMATio:?, histolog}' of. Bcsidcs the writings of John Hunter, 
Virchow, Bemak, Billix)th, C. 0. Weber, Becklinghausen, Cohn- 
heim, Strieker, &c., referred to under the head of Morbid Growth, 
we have — Wharton JoneSy on the state of the blood and the blood- 
vessels in inflammation. Guy's Hosp. Bep., vii. 1860. Canstatt's 
Jahresber., 1850, i. 21. Virchoir, iiber parenchymatose Entziin- 
dung, Y. A., iv. 261. Zister, on the early stages of inflammation, 
Edinb. Med. Journal, 1868, January. John Simony article Inflam- 
mation in Holmes' System of Surgery. Bid/em^ anormol nutri- 
tion in Cartilage, Edinb. Monthly Journal, 1849, p. 50. 0. Weber, 
iiber den Ban des Glaskurpers und die entziind. Yeranderungen 
dcsselben, Y. A., zix. Mors, do lentis inflammatione purul. 
Diss. Bonn, 1864. C. 0. Weber, in Billroth and Fitha's Hand- 
buch der Chirurgie, i. 362. Buhl, Sitznngsber. d'. Bayer. Aka- 
demie, 1863, p. 59. £. Wagner, ^Vrchiv d. Heilk., 1866, vii. 
481. Billroth, Archiv d. Chiruig., 1866, vi. 373. Leidwdorf 
u. Strieker, Sitzber. d. Wiener Akad., 1866 (17th li'oT. 1865). 
KremiamJcy, Wien. Mediz. Wochenschr., 1868, 1-6. Billroth, 
Mediz. Jahrbdcher der Gesellschaft der Aerzte zu Wien, xviii. 
Cohnheim, Y. A., xlv. 333. Heller, Untersuch. ubcr die feineren 
Yorgiinge bei der Entziindung, Habilitationsschrifk. Erlangen, 
1869. JSjtt/, Hygiea, voL xxx. 

Inflammation, acute, of arteries and veins. Firchow, Ges. Abhandl., 
p. 458. 

, Chronic, of arteries (Endoarteritis deformans). Zobitein, 

Anat. path., ii. 550. Andral, Anat. path. Bruz., 1837» ii. 63. 
Chdliver. Mod. Chir. Trans., v. 26. Iknden and Janun^ Archiv 
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f. phys. Hoilk., vii. Fahrer, Deutsche Klinik, 1854. Des- 
champs, Gaz. M^d. de Parisy 1853. VirehoWf Ges. Abhandl., 
p. 496. Wiener "Woehenschr., 51, 1856. Zehert, Tndte d'anat. 
path., plate i., 70-74. JBuhl, Ztschrft f. rat. med., viii. 1, 1857. 
JBorelf de Patherom. ai't^riel. Th^se, Strasbourg, 1859. Baudon, 
de I'ath. art., ibid. Rohitanshy, Denkschrift d. Wiener Akad., 
1854, JuH. 

Inflahmation of the serous membranes. JSbd^kin, Lectures on the 
morbid anatomy of serous and mucous membranes, vol. ii., Lon- 
don, 1836-40. Eefcr also to the works of JBuhl and Cohnheim, 
cited under " Inflammation." For the yascularisation of false 
membranes, see J. Meyer (under Morbid Growth). Neumann^ 
Archiv d. Heilkunde, 1868, p. 600. 

Inflahuation of Endocardium. Besides the monographs on Diseases 
of the Heart by Bamberger, Friedreich, Duchek, &c., see Virchow, 
Ges. Abh., p. 508. LxMchha, V. A., ir. 183. Westphal, Y. A., 
XX. 542. Reyher, V. A., xxi. 85. Heschl, (Est. Ztschrift fiir 
prakt. Heilk., yiii. 12, 13, 1862. For chronic endocarditis, see 
literature under Inflammation, chronic, of arteries. 

Inflaumatiox of the muscular substance of the heart (Myocarditis, ab- 
scess of the heart, fibroid patch of the heart) . See the works of 
Lacnnec, Bamberger, Duchek, &c., on diseases of the heart. 
Carswell, Illustrations, Fascic. 8, p. 1. Craigie, Edinb. Med. and 
Surg. Joum., Jan. 1848. Virchow, Y. A., iv. 266. JDittrich, 
Prager Ytljrschrift, 9ter Jahrgang, Bd. i. p. 58. Skoda, Wien. 
Wochenblatt, 9, 10, 1856. Burrowes and Kirkes, Med. Times, 
Dec. 1853. E, JFayner, Archiv der Hlk., ii. ; i. p. 92. Herzfel- 
d^f Wien, Ztschrift, 1860. JUereier, Gaz. M^d. de Paris, l^os. 
32-40, 1857. Stein, TJntcrsuchungen iiber die Myocarditis. 
MUnchen, 1861. Demme, Schweiz. Ztschrift, 1862. 

iNFLAMiiATioy of Tcstis. A, Cooper, Structure and diseases of the 
testicle. Virchow, Y. A., xv. 263. Curling, practical treatise on 
the diseases of the testis, 1856, 2nd edit. 

Keloid. Collins Warren, Sitzungsbcr. d. K. K. Akad., Ivii. 1868. 

Keeatoses. Zehert, iiber Keratosen, 1864, Breslau. Harpeck, Keichert 
u. Dubois Archiv, 1852, iii. 393. 

KiDXETs, diseases of. Bayer, Mai. des reins. Bright, Eeports of med. 
cases. London, 1827, vol. i. pi. 1-4. Guy's Hosp. Rep., 1836, 
1840. Johnson, dis. of the Kidneys. Frerichs^ die Brightschc 
Kienmkranklieity 1851. Zehert, Tnii^ d'anat. pathol., ii. 33 1, 
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pi. 139-141. Qraves^ Dublin Journal, Jan. 18.52. Lendet, M^m. 
de la Society do Biologic, vol. iv. p. 129, 1853. Beiice Jones, 
Med. T. andGaz., 97, 1852; l^ovembcr, 1853. Johmon, ibid., 
90, 92, 95, 100, 1852; 392-400, 1857; 2-6, 1858. Becquerel, 
Aicb. g^ner. Avril, 1855. Union mdd. 63, 1855. Clin, euro- 
peennc, 6-27, 1859. R. B, Todd, Clin. Lect. on dis. of tbc 
urinary organs. London, 1857. BM, Ztscbrift f. rat. mod., N. F. 
8 Bd. i. Heft. 1856. Bechmann, V. A., xi. 53. Beer, die Bin- 
desubstanz der menscliKchcn Niere. Berlin, 1859. Axel Key, 
Hygiea, xxii. p. 681, 1862. 

Leprosy. Our knowledge of its histology rests mainly on the writings 
of R. Virchow ; a full account of it, with an exbaustiYe summary 
of the entire subject, may be found in his work on Tumours. 

Leucin. Virchow, V. A., viii. 337. 

Leukhjemia. Virchow, Froriep's neue Notizcn, 1845, November, 780. 
Gesammelte Abh., p. 149. Bennett, Edinb. Med. and Suig. 
Journal, 1845, vol. Ixv. p. 413. Jul. Vogel, V. A., iii. p. 570. 
Virchow's Hdbuch d. speciell. Path. u. Therapie, 1854. For 
cases, see Virchow on Tumours, ii. 565, where the entire subject 
is fully reviewed. Neumann, iiber path. Yeranderungen des 
Knochonmarks. Ctrlblatt, 1868, No. 13. 

LivEB, diseases of. Budd, Diseases of the Liver. London, 1845 and 
1851. Frerichs, Klinik der Lebcrkrankheiten. Braunschweig, 
1861. For individual lesions, see Fatty Infiltration, Cancer, 
Tubercle, Leukhsemia, &c. 

Lungs, diseases of. Chiefly as regards their histology. Gairdfier, on 
the path, states of the lung connected with bronchitis and bron- 
chial obstruction. Edinb. Monthly Journal, vols. xii. and xiii. 
1850-51. Block, on the pathology of the bronchio-pulmonary 
mucous membrane. Edinb. Monthly Journal, January to June, 
1853. Copland, the forms, &c., of consumption and bronchitis, 
London, 1861. Barthels, Y. A., xxi. 1, 2. Bcobachtungen iiber 
die hcutige Braune. Deutsch. Archiv, ii. 367. Colherg, Dcutsch. 
Archiv, ii. 453. Zenker, Dcutsch. Archiv, ii. 1 16. Biermer, die Lehre 
vom Auswurf. Wiirzburg, 1855. J/^^^e/^/^^o^;;, der Mechanismus 
der Bcsp. u. Circul. Berlin, 1845. Rossignol, Rechcrches anato- 
miques sur TEmphys^me. Brux. 1849. Bonders, Ztschrfb f. rat. 
Med. Bd. iii. 1-3, 1853. Ziemssett, Deutsche Klinik, No. 16, 
1858. Trauhe, Beitrage, 1 Hft. p. 189. Berlin, 1846. Biermer, 
Yirchow's Hdbuch d. spec Path. u. Therapie, Bd. v. Abth. 1, on 
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the liistQses of the bronchi aaJ ilie pulmonary parenchyma ; con- 
tainlDg iiilei- alia an exhaustive bibliography of the individual 
disonlers to which the lungs iire liablo. Concerning caseous 
pneumonia, sec CartwfU, Path. Anat,, art. Tubercle, pi. I, figs, 1-3. 
rirchow, WiL'ncr Med. ■Wochenschrift, 1856, Ko. 25. 

Strgei; Bias, do Inpo. Oreiiswalil, 1849. Martin, illustr. 
med. Zuit. 1852. PoU. V. A., 1854, vi. 174. Moltt, de lupi 
fonnii ct structura nonnulla. Lipsiae, 1855, Aiupitz, CEst, 
med. Jahrb. 1864. Geddings, Zur anatomic des Lupus erythema- 
tiouB. Hitiibcr. dor K. K. Akad. ivii. Bd. 1868. 



Uauuabx Ound, diseases of. Laager, iibcr deu Ban u. die Entwick. 
der Milchdriiscn, Donkschrift. dcr Wien. Akad, Bd. iii. 1851. 
Velpeau, maladies dn sein. Pori^, 1858. J. Birlatt, diseases of 
the breast and tlicir treatment. London, 1850. Beinhardt, Path, 
anut. Uulersuchungen, Berliu, 1852, p. 125. II. Sleclel, Illuat. 
med. Zcit. Sluiichon, 1852, Heft 3, p. 141. Butch, Clur. Beob. 
Berliu, 1854. Billrolh, Untercuthnngen iibcr den feineren Bau 
und die Kntwiek. dcr Brustdjiiseugeaehwiilstc, V. A., xviii. 
Krankheiteu dtr Bnist, in Pitha and Billroth's Hdbitch der Chinir- 
gic, Tol. iii. Abth. 2. Ersto Licfcruug. 

^ 3lELAN.£iui. n. Meeiel in DumeTow, Zcitschrift, it. 2, 1847; 
Deutecho Kliu. 1S50, 50. Virehow, V. A., ii. HeteU, Zeitschrft 
d. Gcsell. dcr Acrzte. Juli, 1850. Plaitei; ibid., rebruary to 
April, 1854. Vogel, in Virchow's Hdbuch d. spec. Path. u. 
Therapic, 1854. FtM-ieht, Leberkrankheiten, i. 327. Orohe, 
V. A., XX. 306 ; xsii. 437, Eherlh, V. A., xl. 

I Morbid Gbowth in general. John llanier, on the blood, inflamma- 
tion and gun-aliot wounds, Piilmcr's edit, vol, iii. Proc/iiuta, 
Bcraerkungf^n iibcr den Orgauismus des mensclilichen Kiirpers 
nebst Theorie der ErnShi-ung. Wien, 1810. I'revirmus, G. B. 
Biologic, Guttingen, 1805; Die EracUeinuugen u. Qesetzo des 
organischcn Lcbcns. Bremen, 18S1, Bundi. ^ni/ra/, anat. patholo- 
gii^ue. Lthert, Physiologie putliologique. Paris, 1845. Traitt d'ana- 
tomio puthologique. Paris, 1857- Vire/toic, V. A,, Beizung u. 
Beizbarkeil, 3uv. 1 ; Handbueh il. spee. Path. u. Therapie, i. 271. 
Paget, Surgiail Pathology. /. Jliiller, iibcr den feineren Baun. 
die Formen dorKrank. Ocscbwiilste. Berlin, 1838. John Himon, 
General Pathology. London, 1850. lUmat, iitwr cxtracellulare 
Entst«ltung microseop. Zellen. Miiller's Archir, 1852, p. 47. 
Sehuh, Path u. Therapic der PseudopIaBmen, 1654. Siltroth, 
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iibcr den Ban dcr Schleimpolypeiiy 1855; XJntersacliungeii ilber 
die Entwickclung der Blutgefassc. Berlin, 1856. Beitrage znr 
path. Histologic. Bcrlinyl858. J7w, Beitrage znr normalenu.pathol. 
Histologic der Cornea. Basel, 1856. 0, Weber , iiber die Veran- 
derungen der Knorpel bei Grelenkkrankheiten, V. A.., xiii. ; Ent- 
wickelung des Eiters, V. A., xv. TJeber die Betheilignng d. 
Gefasse besonders der Capillaren, on den Nenbildongen, Y. k., 
xxix. Bindfieisch, V. A., xvii. 239 ; xxi. 480. Ezperimental- 
studien iiber die Histologie des Blutes, 1868. JteMim^hauien, 
Y. A., xxviii. p. 157. ThUrseh, der Epithelkrebe, namentlich 
der Hant, 1865. Cohnheim, iiber Entziindung und Eiterung, Y. A., 
xl. 1. Klehs^ Beitrage zur GFeschichto der Tuberkulose, Y. A., 
xliy. Kbtterf Die Entwickelong der Carcinome. Wiirzburg, 
1869. Cohnheim, Y. A., xly. 333. Strieker, Stndien ans d«ni 
Institute fiir experimentelle Pathologic. Wien, 1870. For 
general remarks on Tumours, see Lilcke in Fitha and Billroth's 
Handbuch der Chirurgic, Bd. ii. Abth. i. Heft 1 . 

Mucous Softening. Yirchow, Hdbuch der spec. Path. u. Therapie, 
vol. i., '* Erweichung." 

MuscuLAB Athofhy (progTcssiTc). Z. Meyer f Y. A., xxvii. 414. 

Myositis: ossificans. MUnchmeyer, Hcnle u. Pfcuf. 1869. Typhosa: 
Zenker, die Yeranderungen dcr willkurHchen Maskcln im. Typh. 
abd. Leipzig, 1864. Waldeyer^ Y. A., xxxir. 473. Hoffmann^ 
Y. A., xl. 505. 

Myxoma. Johannes MiiUery M.'s Arohiv, 1836, ccxix. VirehwOy 
Y. A., 1857, xi. 286. Billroth, Arch. d. Heilk. iii. 47. Sec also 
Yirchow on Tumours. 

Necbosis. Carswelly article Mortification in 111. of the elementary 
forms of disease, 1834. Seeker, TJntersuchungen iiber dicbrandigc 
Zerstorung durch Behind, d. Circulation, 1841. Virehow, Wiirzb. 
Yerhandl. i. iii. Archiv; i. 272 ; y. 275. Wiener AVochenschriffc, 
1851 ; Hdbuch d. spec, path, u. Therapie i. 278 ; Yerhandl. d. Ber- 
lin. Med. Ges. 1865, i. Harimann, Y. A., 1855; Tiii. 114. 
Bemme, iibcr die Yeranderungen der Gewebe durch Brand, 1857. 
JBTusmaul, Y. A., xiii. 289. Bryek, Y. A., 1860, xriii. 877. 0. 
JFeher, Hdbuch dcr Chirurgic von Pitha u. Billroth i. 106 u. 548. 
Pasteur, Comptes Rendus, Ivi. 1189-94. Hallier, Jen. Ztschrift, 
1865, p. 231. Die pflanzliohen Parasiten, 1866. Lemaire, 
Comptes Rendus, Ivii. 625. Joh, Ziiders, iibcr Abstammung 
u. Entwick. des Bacterium tenno., Schulze's Archiv. iiL 818. 
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Fa!h, Zur Histologic verwusonilcr Oiganc, Cntrulbltt, ISGG, 
No. 2S. 

JTbcbosis of bone. Hunter, ExperimcnLa on Iho growth of Bone, &c. 
Works, vol. iv. GalUva; Esporimental enqaiiy on Necrosis, 
Mod. Chir. Trana., vol. 21. Mieeehcr, de inflammationc oasium. 
Berlin, 1836. £. Heint, iiber die Wiedererzeugiuig neutr 
KnochenmaMen n. d. BUdung neuer Knochcn, in Graefe u. Wal- 
thcr's Archiv, Bd, 2-1. Stanteij, Diseases of the Bonos, London, 
1849. Mayor, Gaz. Mud. I«a0, 13; Heme nnSd. chir. 183S. 
Gtrdy, Gaa. hebdomad, 185-1, i. IlawiUon, Dublin Quarterlj- 
Journal, 1S54, Augnst. It. Volkinann, Dtsche Klinik, 1857. 0. 
HtyfoUer, Lehrbucb d. Reseetionen, 1863. Pilka, Allgem. 
Wten. med. Ztnng. 1853, 10. It. Volhmann, Langenleck's 
Archiv, Bd. iv. Art. Knochenkrankheiten in Pitha-BiUi'olli'i> 
Hdbuch. ii. 2, 281. Sett/tkbcn, V. A., xxi. 280, 
LUecbohis of the Lung. Cruveilliier, Anitt. path., Livr. 11. Plate 4 
givea a good representaliun irf diffuse, Livr, 3, plate 2, of circum- 
scribed gangi'one of the lung. SvitrSdtr van lifr Soli, ohs. nnat.path. 
T. i. p. 202. Laennec, trnitu d'auscult. mediate. Andral, Anat. 
path. ii. 138. Raui, puth, Anat. i, 300. Skoda, Wien. Wocheu- 
Bchrift, IS5, 16. TraiAe, Dtsche Klinik, 437, 1853. HeucheJ, 
do la gangrene du poumoii. Stmsburg, 1856. Weinberger, (Est. 
Zloohrift f. prakt. Hlkundc i. 43, 46, 1855. Lebtrl, traitc d'anat. 
path., i. 055, plate ba. DHtriek, ilber Lungcnbrand in Folgo vun 
Bronchieetaeic, Erhiugen, 1850. Virehoie, "WiirBb. Verliaudl., 
1851, ii. 2. Wunderlieh, Hdbuch, iii. 2, p. 208. Leydtti u. 
Jij/c, Dtschee Archiv, ii. 488. 
^Bvora Ststem, discuses of. a. Inflammution, hemorrhage, soltecing. 
Abererombie, path, and practical researuhes on the diseases of the 
brain, 1827. Cantneli, Cyclop, of pract. Med., iv., Art. Soften- 
ing. Illustr. Eascie., v. pi, 3, 4 ; viii. 1 ; sii. 4. Durand-Fardel, 
Hdbuch d. Krankheitcn des G'-eiscnalters, tranal. into German. 
Wiii'zburg, 1856. Ohigf, Atlas d. puth. Anat., 7 Lief. pi. I, 2. 
Eeker, Deutsche Klinik, 26, 1863. Levbxuther, ibidem, 10, 1855. 
Traube, Med. Ceatralz., 01, 18.54. Calmeil, Tr. des maludies in- 
flanimatoircs du cen'oau. Paris, 1859. Bamberger, "WUrzb. Vcr- 
handl. ri. 306. Suchk, Prag. Vteljrschrift, Bd. 37, 1853. 

h. Grey degenerotion. IVmehs, Haeser's Archiv, s. Heft. 3. 
Falmtftm; Deutsche Klin., 14-16, 1856. ScAnepf, Gaz. miJdi- 
oalcr 30, 1654. So&in, Gaz. m^d. do Paiis, 5, 1856. £*b*r(, 
V. A., X. 78. Tinito d'anat. path. ii. 53, 66, 61, pi. 97, 98. 




396 BIBLIOGRAPHICAL INDEX. 

Rindfleiseh, V. A., xxvi. Leyden, Deutsche KUn. 1863, No. 13. 
Zcnhr^ Ztschiift f. rat. Med. xxiv., Heft 2 and 3. Leyden, die 
grauc Degen. der liintcren Huckcnmarksstrange. Berlin, 1867. 
Feltz^ Qaz. mdd. de Strasbourg, 1869. Friedreich^ V. A., xxvi. 
xxvii. Westphalf Tabes dorsualis. Allgem. Ztsclirift. fiir Psycli. 
Bd, XX. xxi. Charcot et Ftdpian^ Gaz. hebd., 1862. Virchoic^ 
V. A., 1855, Bd. viii. Hokiiansky, Sitzb. d. "Wiener Akad. 
1856, 1857, Bd. xxir. Bourdon, Arch, g^ner. Novembre, 1861. 
Frommann, Untersuch. iiber die normale u. pathol. Anatomie des 
llUckenmarkes, 1867. Jena. Henk u. Merkel, in Henlc and 
Pfeuffer's Zeitschrift f. rat. Med. 1869. 

r. Tumours. See catalogue of works under Morbid Growth, 
Sarcoma, Cancer, &c. Also Virchow's work on Tumours, chap- 
ters dealing with Psammoma and Glioma. 

OxYCHOOKYPHOSis. Firchow, Wiirzb. Verb, v, 88. 

Ovaries, diseases of. SteinUrit uber die Entwicklung d. Graafschcu 
Follikel, Mittheilungen der Ziiiicher naturf. Gesellsch. 1847, Bd. 
i. p. 156. PJluger, allg. med. Centralz. 1861. Die Eicrstockc 
der Saugethicre und des Mcnschen. Leipzig, 1863. Grohe, 
V. A., xxvi. 271, 1863. Chereau, mal. de. Tovaire. Paris, 
1844. Kiwisch, Klin. Vorthige. Prag. 1849, ii. Jlenkel, Wien, 
mcd. Wochenschr. 1856, No. 12. Eaciborski, Gaz. des Hopitaux, 
November, 1856. Scanzoni, Gyniikologie. Wien, 1857. Mooter, 
Monatschrift f. Geburtskunde, 1860, xvi. 2. Kloh, path. Anat. 
der wcibl. Sexualorgane, 1884, 309. See also under Cyst, 
Cancer, &c. 

rAccniosiAN BODIES. Z. Mcycr, Y. A., xix. 288. 

Papillomata. Ecker, Archiv f. physiologische Heilk. 1844, p. 380. 

Billroth, V. A., xvii. 357. Virchow, Verb. d. Berl. Gesell. f. 

Gcburtsbiilfe, iv. Wiirzburg. Verb. i. Ihichs, Die Krankhaftcn 

Yeiiind. der Haut. i. 46. 
Pirj MENTATION. JBruch, Untci-such. zur Kenntniss des Komigen Pig- 

mcntes der Wirbelthicre, 1844. I£. Meckel, Ztschriffc f. Psychol. 

1847. Deutsche KHn. 1850. Virchotv, V. A., i. 379; ii. 587; 

iv. 515; vi. 259. Fonter, Y. A., xii. 197. Jaffe, V. A., xiii. 

192. Zenker, Jahresber. d. Gesell. f. Nat. u. Heilk. in Dresden, 

1858, p. 53. Talent iner, Giinsburg's Ztschr. f. Klin. Med. 1859 ; 

i. 46. Grohe, Y. A., 1861, xx. 306. Heechl, Ztsch. d. Wiener 

Aerete, vi. Ocst. Ztschrift f. prakt. Hlkunde, 1862, Nos. 40, 



BIBLIOGRAPHICAL INDEX. 397 

42, 44. Valentiner, Reichert u. Dubois' Arcliiv, 18G2, 773-777. 

Kmsmauly Wiirzb. mod. Ztschrift iv. Absolm. vi. noppe-Seijler^ 

V. A., xxix, 597. Lnnffhanfiy V. A., xlix. 
Prostate, diseases of. Thampson, Diagnosis and Treatment of Diseases 

of the Prostate. 0. Wt/ss, V. A., xxxv. 378, Fault, Y. A., 

xxvii. 27. 
Psychoses. With refcrcneo to textiiral changes in the brain. Z. 

Meyer, V. A., xvii. 206. Desser, Uber die Verwachsung dor- 

Gefasshaut, etc., Allg. Ztschr. f. Psychiatrie, xxiii. 331. Clarke, 

Lancet, Sept. 1, 1866. Afeynert, Wicn. med. Zeitung, 1866, 22, 

28. Ytjrschrift f. Psychiatrie, 1867, i. 77; ii. 198. II. Jahr- 

gang: i. 88-113. Ldicenhart, Allg. Ztschrift f. Psych. 24, p. 798. 

Elder, De cercbro et med. spin, system, vas. Traject. 1853. 

Voppel, GUnsburger Ztschrift, 1856, vii. 161 ; Ztsch. f. Psych. 

xiv. 1857, p. 175; Archiv d. ger. Psychiatrie i. 1858, p. 49. 

"Wiener Bericht, 1858. Cahneil, maladies inflam. du cerveau, 

1859. Baillarger, recherches sur la couche corticale, etc. Mdm. 

de I'acad. de med. viii. 1849, p. 172. Pinel, path. ccTebr. 

Parchappe, Recherches sur Pencephale, 2mc mem. 1838. West- 

phal, V. A., xxxix. 90. 

Rickets. Glissonius, Tractatiis do Rhachitide. London, 1650. KoI- 
J Her, mikr. Anatomic ii. 360, 385. 77". Meyer, Henle u. Pfeu- 
fer's Ztschrift, N. F. Bd. iii. vi. Virchow, V. A., v. 771 Mtiller, 
uber die Entwick. der Knochensubstanz. 1858. Tschoschifiy 
Pctersb. med. Ztschrift xvi. Heft 4. 

Sauvaby 6LA.NDS, (lisoases of. Pfluger, die Endigungen der Abson- 
derungsnervon in den Speicholdriison. Bonn, 1866. Virchow, 
iiber Parotitis, Charite-Annalen, 458; viii. 3. 1.; Gesamm. 
Abhandl. i. 620 u. 690. Bamberger, Virchow's Hdbuch d. spec. 
Path. u. Therapie, 1855; vi. 1. Binz, Beobachtungen ziir innem 
Klinik. Bonn, 1864. Billroth, Beobachtungen Uber GeschwUlsto 
der Speicheldriisen, V. A., xvii. 357 ; Aphorismon uber Adenom 
u. Epithelialkrebs. Arch. f. Klin. Chir. vii. 860. C. 0, Weber, 
Hdbuch der Chirurgie, von Pitha u. Billroth, Bd. iii. Abth. i. 
Lief. 2. 

Sarcoma. Besides the works cited under morbid growth, consult: 
Virchow, T. A., 1848, i. 195 and 470. In his great work on 
Tumours (vol. ii. p. 383), Virchow says, with perfect justice^ 
that " the sarcomata have never previously boon treated so fully 
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and 80 accurately.^' Hence I refer the reader in the' first place 
to his chapter on the sabject, where the literature also is ftilly 
giyen. Reinhardt^ path. anat. TJntersuchungen, 1852, p. 122. 
Paget, Surgical Pathology, 1853, ii. 151, 155, 212. BiUroth, 
V. A., 1856, ix.l72; xviii. 82. Volkmann, V. A., 1857, xii. 27. 
Billroth, Archiy f. Klin. Chir. Bd. xi. Dorselbe mit V, Czsmy^ 
ibidem, p. 230. 

Itcosis. Kolm$r^ Y. A., xxii. 372. 

Itphilts. As regards the histology of gummata : Bdretuprun^f 
Doutache Klin. 1858, No. 17. Vtrehow, Y. A., xv. 221, 325. 
The instructive discussion between BdreMprung and Vtrehow may 
be found in the Deutsche Klinik, Nos. 21-27, 1858. Robin, H. 
van Oort, Des tumours gommeuscs. Th^se do Paris, 1859, p. 30. 
jF. Wagner, Archiv d. Hlkunde, 1863, Jahrg. iv. p. 1. He intro- 
duced the term " syphiloma." For cases, and a very elaborate 
description of syphilitic formations as they occur in various 
organs, see Virchow, Krankh. Geschwiilste, ii. 387, 9eqq, 

Telanoiectasis. Yirchow includes it together with the cavernous 
tumour under the head of Angioma, and goes into it very ftilly. 
See also the text-books enumerated at the outset of this index, 
and the works referred to under Morbid Growth. 

rnaonBosis, including embolism and its consequences. Hodgum, a 
treatise on the diseases of arteries and veins. London, 1815. 
Cruveilhier, anatomic pathologique, Livre iv. xi. Sailing^ Ye- 
nonentziindung. Wiirzburg, 1829. Alibert, Bech. sur une occlu- 
sion pcu connue des vaisseaux arteriels consideree comme cause 
de gangrene. 1828. Stilling, Die Bildung und Metamorphose 
des Blutpfropfes, &c. 1834. Stannius, Ueber die krankhafbe 
Yerschlicssung grosserer Yenenstamme. 1839. Zwiekg, Die 
Metamorphoscn des Thrombus. Basse, Ueber die Yerschlicssung 
der Himarterien als nachste TJrsache eincr Form der Himerwei- 
chung. Zcitschr. f. rat. Med. 1846, 91. Tiedemann, Yon der 
Ycrcngung und Schlicssung der Pulsadcm in Krankheiten. 1843. 
Pagef, Lond. med. gaz. 1844. Porta, Delle alteratione pathol. 
dclle art., &c. 1845. Vtrehow, Zeitschrift f. rat. Med. 1846; 
y. Froricps* Notizcn. 1846 ; Traube's Bcitriige. 1846;ii. p. 4; 
Y. A., 1847; i. p. 272; v. p. 275; ix. p. 307; x. p. 179; Ges. 
Abhandl., p. 57, 219; Handbuch der spec. Path. u. Ther., i. 
p. 156. Mehiel, Archiv. f. phys. Heilkunde. 1848. Bennet, 
Monthly Joum. 1850, Senh. Kirkee, Med. Chir. Transact 



BIBLIOGRAPHICAL INDEX* 399 

1852. Ril}dey Y. A., 1853, v. p. 189. Tuffmll, Dubl. Quart. 
Joum. 1853. Klinger, Arch. f. phys. Heilk. 1855. Cohn^ 
Klinik der cmbolischen Gefasskrankheiten. JDuseh^ Zeitschr. f. 
rat. Med. C. vii. Lee^ Med. Times and Gaz. Pebr. 1855. Pa- 
num^ Guusburg's Zeitschr. 1856 ; vii. V. A., xxv. pp. 308, 433. 
Wemher, Handb. d. Chir. i. p. 498. Giessen, 1862. Savory, 
Med. Chir. Transact. 1856 ; vol. xxxix. Ikmareh, Y. A., xi. 5. 
LegrouXf des polypes arteriels Gaz. hebd. 1857-58. WMmann^ 
V. A., xiii. 550. Meckel, Charit^-Annalen. v. 276. Beckmann^ 
Fall V. capill. Emb. Y. A., xii. 59. Lehert, Y. A., xiii. p. 65. 
R. Volkmann, emb. Knochennecrosc. Langenb. Archiv, t. 330. 
Langenheck, in Langenbeck's Archiv, i. C. 0. Weber, in Pitha's 
und Billroth's Handbuch d. Chir. i. Bd. Abth. 1, p. 69. Waldeyer, 
Y. A., xl. 1867; p. 394. Buhnoff, Ueber die Organisation des 
Thrombus. Yorl. Mitth. Centralbl. 1867; Nr. 48. 
TuBEmcLE. Besides the older works, in which cheesy conditions are, 
for the most part, confounded with miliary tuberculosis, the fol- 
lowing are of interest for the pathological histologist : — Retnhardt, 
Charite-Annalen. 1850; i. p. 362. Vtrehow, Wiirzburger Yerh. 
1850; i. p. 72; ii. p. 24; u. 70. Wien. Wochenschr. 1856; 
Nr. 1 ff. Deutsche. KL 1852; Nr. 25. Y. A., xxxiv. p. 11. 
Lebert, Lehrbuch d. Skrophel. u. Tuberkclkrankhciten. TJebers. 
V. Kohler. 1854. Bull.de I'acad. xxxii. p. 119. Y. A., xl. 
Sehrantf Nederl. TVcekbL 1854. Iiii89, Gaz. m6d. d. Strass- 
bourg. 1855. 2r<?w7i/, PragerYiei'teljahrsschrift. 1856; iii. p. 17. 
JBuhlj Zeitschr. f. ration. Medicin. viii. p. 49. W, MillUr, Ueber 
Struct, ii. Entw. der Tub. in den Nieren. 1857. Demme, Y. A., 
xxii. p. 155. Forster, Wiirzb. med. Zeitschrift. 1861 ; i. p. 130; 
ii. p. 200. Rindfltkch, Y. A., 1862 ; xxiv. 574. Colherg, Obs. 
de penitiori pulm. struct. 1863. Villemin, Gaz. med. 1865; 
"Nt. 50. Gaz. hebd. 1866 ; Nr. 42 ff. Etudes sur la tuberculose. 
1868. Kiemeyer-Ott, Blin. Yortriige iib. d. Lungenschwindsucht. 
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Abscess, i., 120. 

of hmin, ii., 828. 
of heart, i., 276. 
of lirer, ii, 97. 
of lung, iL, 66. 
of nDMnnmry gland, iLf 199. 
of orary, ii., 172. 
of prostate, ii., 215. 
pyelitic, ii., l&B. 
Aeanis follicnlonim, i., 369. 
Acne, i., 398. 
Acrochordon, i.» 890. 
Acrothjmion, i., 866i 
Acute nephritiiy ii., 156. 

„ atrophy of lirer^ iL, 91. 
Addison's diaeaae, ii., 229. 
Adenoma, i., 184. 

„ of liyer, ii., 120. 

,t of mammary gUmd, iL, 201. 
Adhesiye inflammation, i., 813. 
Alopecia areata, i., 402. 
Alyeolar epithdinm, ii., 1. 

„ cancer, i, 195. 
Alreoli of long analogona to a mucoiia 

surface, iL, 13. 
Amyloid infiltration, L, 43. 

„ — of liTor-eBlk, L, 46. 

„ — of malpighiui tufts, i., 46. 
Amyloid kidney, iL, 14i. 

„ liyer, ii., 85. 

„ matter, i., 43. 
Amemia, L, 213. 
AneuiTsm, L, 258. 

„ dissecting, i., 255. 

„ of heart, L, 293. . 

„ yalrular, L, 282L . 
Anthnoosis, ii., 494 
Anthnx, i., 896. 
Aorta, deyelopment of , L, 296* 
Aortic stenosis, L, 288. 
Arachnitis, ii., 806. 
ArcuB senilis, i., 2& 
Area germi]iatiT%4.f 88. 
Areolar tiasiie, L, 9L 
Arteries, struofeme o^ L, 247. 
ArterktSi aente^ i, JM8w 

VOL. II. 



Arthritis deformans, ii., 266. 

„ fungosa, ii., 259. 

„ uratica, ii., 270. 
Arthromeningitis, iL, 250. 
Atelectasis of lung, iL, 22. 
Atheromatous abscess, L, 253. 

„ ulcer, ihid. 
Atheroma of arteries, i., 250. 
Atheromatous cysts, i., 390. 
Atheroma testis, ii., 188. 
Atrophy of liver, iL, 89, 94. 

„ of muscle, ii., 370. 

„ of myocardium, i., 272. 

Bacteria, i., 18. 
Baldness, i., 402. 
Basement-membrane of tub. luriniferi, 

ii., 151. 
Basilar meningitis, ii., 309. 
Bladder, cancer of, i., 464i> 

„ tuberculous ulcer of, i., 445»- 
„ rillous tumour of, L, 454. 
Blastema, i., 69. 
Blood, composition of, L, 212.: 
„ morbid states of, i., 211. 
Blood-corpuscles, red and white,L, 212. 
Blood-corpusclc-holding ceUs,'L, 60. 
Bone, calcification of, i., 50. 
caries simplez, iL, 257. 
— , fungosa, ii., 259. 
in dermoid cysts, ii., 184. 
doTolopment of, L, 100. 
„ disease of, ii., 233. 
„ expansion of, ii., 289. 
„ inHammation of, iL, 243. 
necrosis of, ii., 255. 
traumatic inflammation of, ii., 
252. 

tumours of, iL, 278. 
Bony tumour, i., 177. 
Brachycephaly, ii., 283. 
Brain, abscess of, iL, 328. 

cheesy tuboelo in, ii., 365i 
pey degeneration of, iL, 31 1-. 
„ inflammation of, ii., 824.- 
in mental disease, ii., 330. 
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Brmin, red softening of, iL, 326. 

fjphiloma of, iL, 362. 

tumoun ofy iL, 352. 

white softening of, iL, 317. 

yellow eofteuing of, ii., 340. 
Bioochi, dilatation of minute, iL, 20. 

>i plugging of, ii-, 18. 

„ nloenttion of, iL, 21, 84. 

„ tubercle of, L, 449. 
Brondiitifl in heart-di«ea«e, iL, 71. 
Bronchopneumonia, iL, 13. 
Brood-enls, L, 75. 

Brown induration of the lungs, ii., 71. 
Bulla, I, 342. 

CdcificatJon, L, 48. 

„ of arteriid tunics, i., 254. 

„ of bone, L, 50. 

„ of cartilage, L, 53. 
Calculi pulmonales, iL, 19, 37. 
OallositT, i., 356. 
Cbllus, li., 252. 

Cambium-layer of bone, ii., 255. 
Canalieulisation of bone, iL, 245. 
Cancer, L, 179. 

„ colloid, L, 195. 

„ epithelial, L, 198. 

„ glandular, i., 183. 

„ medullary, L, 185. 

„ pigmentary, i., 153. 

„ Muroomatous, i., 190. 

„ scirrhous, L, 191. 

„ telangiectatic, L, 188. 
CflUQoer-juice, ttioma, cells, L, 186. 
Cancer of bladder, L, 464. 

„ of bone, iL, 292. 

„ of brain, ii., 357. 

„ of breast, iL, 203. 

„ of corium, i., 382. 

„ of heart, L, 279. 

„ of kidney, ii., 169. 

„ of Urer, ii., 123, 128. 

„ of lung, ii., 77. 

„ of lymphatic glands, L, 238. 

„ of mucous membranes, i., 455. 

„ of muscle, ii., 381. 

„ of nasal fossae, L, 456. 

„ of (esophagus, i., 457. 

„ of prostate, ii., 217. 

„ of rectum, i., 463. 

„ of salivary glands, iL, 221. 

„ of stomach, i., 458. 

„ of suprarenal capsules, iL, 230. 

„ of testicle, ii., 193. 

„ of thyroid, iL, 228. 

„ of tongue, L, 456. 

„ of uterus, i., 463. 
Cancroid, i., 198. 

„ mucous, i., 209. 



Capillaries, dilated, L, 266. 
„ structure of, L, 246. 
CWbonaceous particles in luu^ ii^ ZO. 
Carcinoma oateoides, iL, 293. 

„ reticulatum, L, 192. 
Caries simplex, ii^ 257. 
„ fungiMa, ii^ 259. 
„ syphilitir% iL, 296. 
Caro luxurians, L, 127. 
Cartilage, derelopment of, i., 99. 
hyaline, L, 170. 
with striate celU, L, 170. 
tumour, L, 170. 
Caseation in lung^ iL, 27. 

„ of cells, i., 27. 
Casts, renal, iL, 142. 
Catarrh, epithelial, L, 412. 
hemorrhagic, i., 413. 
of mucous membmnea, i., 405. 
purulent, i., 412. 
„ of skin, i., 345. 
„ of tubuli uriniferi, iL, 136. 
Catarrhal pneumonia, iL, 13. 
Cauliflower growth, L, 81. 

„ — of skin, L, 366. 
Cayaliy-bone, iL, 375. 
Caremous metamorphosis, L, 162. 
tumour, ibid. 

— in kidney, iL, 168. 

— in lirer, ii., 112. 
Cell-theory, i., 70. 

„ growth, L, 71. 
Cerebral aneurysm, ii., 33-1. 

„ circidation, ii., 307. 

„ congestion, ii., 332. 

„ haemorrhage, iL, 318. 
Chancre, i., 134. 
Cheesy gUnds, L, 238. 
Chlorosis, L, 213. 
Cholera, sloughs in, i., 433. 
Choleraic catarrh, L, 418. 
Cholesteatoma cerebri, ii., 359. 
Cholesterin, i., 22. 
Choroid plexuses, iL, 316. 
Chromatosis, L, 56. 

Chronic catarrh of mucous membranea, 
L, 415. 

endoarteritis, L, 250. 
hydrocephalus, ii., 314. 
rheumatoid arthritis, ii., 266. 
Cicatricial tissue, i., 117. 
Circulation in brain, iL, 307. 
Cirrhosis in infants, iL, 118. 

„ of liyer, iL, 109. 
Cloudy swelling, i., 29. 

», — of renal epithelium, ii., 138. 
Coagulation in vessels, i., 221. 
Comeim't theory, L, 110. 
Colber^ on alveouur epithelium, iL, 2. 
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Collapse of lung- tissue, ii., 22. 
Collier's lung, ii., 49. 
Colloid cancer, i., 41, 195. 
„ — of breast, ii., 209. 
., — of ovary, ii., 180. 
„ — of stomach, i., 460. 
Colloid degoncrution, L, 39. 
Colon, cancer of, i., 403. 
Columnar epithelioma, i., 20G. 
Comedo, i., 389. 

Concretions in the lungs, ii., 19, 37. 
Condylomata, i., 367. 
Congenital cysts in kidney, ii., 147. 

„ malformations of heart, i., 296. 
Conjoint vascular and connectire-tissue 

system, i., 89. 
Connectiye-tissue corpuscle, i., 95. 
Connective tissue, development of, i., 92. 
„ — , non-inflammatory overgrowth 

of, i., 129. 
„ — of kidney, ii., 148 
Contracted kidnev, ii., 163. 
Corium, acute inflammation of, i., 375. 
„ cancer of, i., 382. 
„ diseases of, i., 374. 
Corneal tissue, i., 171. 
Corns, i., 356. 
Comu humamun, i., 361. 
Corpora amylacea, i., 48. 

ft — , in grey degeneration, ii., 349. 
Craniotabes, ii., 242. 
Croup of pharjnix, i., 422. 

„ of larynx and trachea, i., 426. 
Croupous inflammation, i., 421. 

„ pneumonia, ii., 55. 
Cyanosis, i., 300. 
Cyanotic kidney, ii., 154. 
Cylindronui, i., 209. 
Cynanche parotidea, ii., 218. 
Cyst, apoplectic, ii., 324. 
Cystic degeneration of bone, ii., 277. 

„ — of stomach, i., 418. 
Cystic enchondronui, i., 173. 

„ kidney, ii., 145. 
Cystoma ovarii, ii., 176. 
Cystosarcoma hepatis, ii., 114. 
„ mamnue, ii., 209. 
„ testis, ii., 196. 
Cysts, atherouuitous, i., 390. 
<>ata, i., 82. 

„ due to softening, i., 86. 
„ in kidney, ii., 167. 
„ in liver, ii., 114. 
„ in ovary, ii., 173. 

Death of tissues, i., 4. 
Deformities of skeleton in osteoma- 
lacia, ii., 276. 
„ — in rickets, ii., 2il. 



Dementia, ii., 336. 

Dermoid cyst«, ii., 184. 

Desmoid, i., 160. 

Desquamation, i., 80. 

Desquamatirc catarrh of tub. urini- 

feri, ii., 136. 
Development of bone, i., 100. 
„ of cartilage, i., 99. 
., of connective tissue, i., 92. 
„ of epithelium, i., lOS. 
„ of lymphatics and lymphatic 

glands, i., 95. 
„ of muscle, i., 101. 
., of nerve, i., 103. 
„ of spleen, i., 88, 98. 
„ of veasels, i., 89. 
Diabct<»s, liver in, ii., 88. 
Dilatation of minute bronchi, ii., 20. 
Diphtheria (false), i., 422. 

„ (true^, i., 431. 
Diphtheritic pock, i., 354. 
Di((9cniinated tubercidosis of lungs, 

ii., 38. 
Dohchocephalic skulls, ii., 233. 
Ductless glands in chronic catarrh, 

i., 420. 
Dura Mater, mflammation of, ii., 302. 
„ — , myxoma and psammoma of, 

ii., 355. 
„ — , sarcoma of, ii., 354. 
Dust, inhalation of, ii., 49. 
Dwarfs, u., 23:^. 
Dyscnwite, i., 211. 
Dysentery, i., 432. 



Ebiumoatio ossium, ii., 24-i-. 
Kcchondrosis, ii., 278. 
Ecthyma, i., 344. 
Eczema, i., 344. 
Elephantiasb arabum, i., 376. 

„ pnccorum, i., 384. 
Embolic abscess of kidney, ii., 158. 

„ pneumonia, ii., GG, 
Embolinm, i., 231. 
Embryonic tissue, i., 9lc. 
Emphysema, ii., 5. 
Empvema, i., 322. 
EmulHification, i., 21. 
Encephalitis, ii., 32^1. 
Encephaloid cancer, i., 185. 
I Enchondroma, i., 170. 

of bones, ii., 290. 

of breast, ii., 212. 

of salivary glands, ii., 223. 

of testicle, ii., 197. 
Enchondroma hsnuitodes, ii., 291. 

„ pseudo-papillosum, ii., 292. 
Endoarteritis chronica, i., 250. 
Endocarditis, acute, i., 279. 
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Endocarditis, chronic, L, 286. 
Endogenous cell-prolifention, L, 73. 
Enteric ferer, i., 438. 
Ependjma Tcntriculorum, ii., 316. 
Bpidennis, i., 334. 
Epidennic globes, L, 2(H. 
Epithelioma, squamous, i., 198. 

„ columnar, i., 206. 

„ of lung, IL, 77. 

„ of Ijmphatic glands, i, 241. 

„ of oesophagus, i., 457. 

„ of saliyaiy glands, iL, 222. 
of skin, i., 369. 
of stomach, i., 462. 
of tongue, i., 456. 
Epithelioma myxomatodea psanuno- 

sum, ii., 360. 
Epithelial growth (morbid), i., 179. 
Epithelium, alreolar, ii., 1. 

„ deyelopment of, i, 103. 

„ of serous membranes, L, 303. 
EpuUdes, ii., 286. 
Erosions, hsemorrhi^c, i., 43-i. 
Eruptions, i., 338. 
Erjthema, i., 339. 
Etat mamelonn^, i., 41S. 
Exanthemata, i., 338. 
Exostosis, ii., 278. 

„ cbumea, ii., 281. 

„ cortilafinea, ii., 279. 

„ multiplex, ii., 282. 
Expectoration in pneumonia, ii., 59. 

„ in tracheo-bronchitis, ii., 5. 
Extravasation-cysts, i., 86. 
Exudation-cjsts, i., 86. 
Exudation, inflammatory, i., 110. 

False membranes, i., 319. 

— in croup, i., 421. 

— in diphtheria, i., 431. 
Eatty degeneration of arteries, i., 250. 

„ — of cells, L, 20. 

„ — of nerres, i., 26. 

„ — of renal epithelium, ii., 140. 

„ — , striped muscle, i., 24; ii., 371. 

„ erosion of arterial coats, i», 255. 

„ heart, i., 273. 

„ infiltration, i., 61. 

„ metastasis, i., 67. 

„ tumour, i., 168. 
Ferruginous dust, inhaled, ii., 54. 
Fibrinous casts, ii., 142. 

„ degeneration, i., 425. 
Fibroid patch of heart, i., 292. 

„ transformation of tubercle, ii., 191. 

„ tumour, L, 160. 
Fibrocartilage, L, 170. 
Fibroma of kidney, IL, 168. 

„ moUufcinn, L, 873. 
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First intention. See Bepair. 
Follicular dropsy of OTazy, il^ 174. 

„ suppuration, i., 409. 
Fractures, repair of, ii., 252. 
Fungus, i., SL 

„ dursB matris, iL, 859. 

„ pi» matris, iL, 357. 
Funmculus, i., dBS. 



Gall-bladder, papilloma of, i., 455. 
Ghingrene. See Neerosis. 

„ of lung, circumscribed, ii., 74. 
„ — , diffuse, iL, 63. 
Gastric ulcer, i., 484. 
Giants, iL, 233. 
Giant-cells, L, 72. 

„ in osteosarcoma, iL, 287. 
Glanders, L, 135, 387. 
Glandular cancer, i., 183. 

„ hypertrophy, L, 183. 
Glassy swelling, i., 423. 
Glioma, ii., 863. 
„ sarcomatodes and myxomatodes, 
ii., 364. 
Goitre, ii., 225. 
Gout, ii., 270. 

Granule-ceUs, i., 21 ; ii., 348. 
Granules of neuroglia, ii., 299. 
Graiiulomata, i., 130. 
Granulations, L, 124. 
Granular liver, ii., 109. 
Great vessels, deFclopmeni o^ L, 296. 
Grey degeneration, iL, 844. 
Grutum, L, 390. 
Gummata, i., 133. 

in bone, ii., 294* 

in heart, L, 279. 

in liver, ii., 116. 

in skin, L, 383. 

in testicle, iL, 193. 
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Hccmatin, i., 57. 

Hiematoidin, ibid. 

Hsranin, ibid. 

Hismatoma duriD matris, ii., 302» 

Hcemitis, i., 232. 

Hiemorrhagic erosion, L, 434. 

Haemorrhage per diabrosin, L, 411. 

„ into brain, ii., 318. 
Hemorrhagic infarction of lung, ii.,.74. 
Haemorrhoids, L, 265. 
Hair, in dermoid oysts, ii., 184i 

„ falling off, i., 402. 
Hair- follicles, disease o^ L, 387. 
Hairy moles, i., 396. 
Hard cancer, L, 191. 
Heart, abscMs, i., 276. 

„ aneurysm, L, 292. 
atrophy, L, 272. 
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Heart, ctaicet, i., 279. 

dcTelopmont of, i., 296. 

diBeases of, i., 267. 

— , caiuiDg lung-miscbief, iL, 70. 

fibroid patch, i., 292. 

fattj degeneration, i., 273. 

ffummata, i., 279. 

hypertrophy, i., 209. 

inflammation, i., 275. 

malformation, i., 296. 

thrombosis, i., 291. 

tubercle, i., 278. 
Hepatisation, red, ii., 57. 

„ yellow, ii., 60. 
Hepatitis, ii., 96. 

„ indurative, ii., 103. 
Herpes, i., 342. 
Heteroplasia, i., 108. 
Histioid tumours, i., 112, 1/0. 
Horn, human, i., 361. 
Howahip*8 lacunte, ii., 2 io. 
Hyaline cartilage, i., 170. 
Hydroceplialus, acut^, ii., 300. 
„ intcmus, ii., 311. 
„ externui), ii., 313. 
Hyperemia of brain, ii., 300. 

„ of kidn^, ii., 151. 
Hyperplasia, i., 108. 
Hypertrophy of cuticle, i, 356. 

glands, i., 183. 

heart, i., 269. 

lirer, ii., 87. 

mucous membrane, i., 416. 

muscle, ii., 370. 

Ichthyosis, i., 359. 
Impetigo, i., 34-1. 
Induratiye hepatitis, ii., 105. 
Induration of lung, ii., 25. 
Infiltration, L, 41, 79. 

„ amyloid, L, 43. 

„ calcareous, i., 48. 

„ fatty, i., 64. 

„ pigmentary, i., 56. 
Inflammation, i., 110. 

„ of bone, ii., 243. 

„ diphtheritic, i., 431. 

„ of liver, iL, 96. 

„ of mucous membiauos, i., 405.- 

„ of muscle, ii., 373. 

„ of oyaries, ii., 171. 

„ of prostate, ii., 215. 

„ of eerous membmncs, i., 305. 

„ of vessels, acute, i., 248. 

„ — , chronic, i., 250. 
Inflammatory induration of bram and 

spinal cord, ii., 349. 
Inhalation of dust, ii., 49. 
Insanity, acute, ii., 830. 



Insanity, chronic, ii., 837. 
Intennediate apparatus of nutrition, 

i., 89. 
Interstitial nephritis, ii., 158. 
Intestinal haemorrhage in typhoid fercr, 
i, 442. 

„ lesions in typhoid fererf i., 438. 

„ tuberculous ulceration, i., 446. 
Intima vasorum, i., 247. 
Intracranial circulation, ii., 307. 
Intumescentia, i., 77. 

Keloid, i., 372. 

Keratoses, i., 358. 

Kidney, morbid anatomy of, ii., 132. 

„ abscess, ii., 158. 

., a<>ute parenchymatous inflamma- 
tion, ii., 156. 

„ amyloid, ii., 144. 

„ cancer, ii., 169. 

„ cavernous tumour, ii., 168. 

„ congested, ii., 154. 

„ connective tissue of, ii., 148. 

„ contracted, ii., 163. 

„ cystoid degeneration, ii., 115. 

„ cyBts in, ii., 167. 

„ desquamative catarrh, ii., 136. 

., embolic abscess, ii., 160. 

„ fatty degeneration, ii., 140. 

„ fibroma, ii., 168. 

„ inflamed, ii., 136, 158. 

„ lymphoraA, ii., 168. 

„ mottled, ii., 166. 

„ normal structure of, ii., 132. 

„ tubercle, iL, 168. 
Knot (nodus), L, 77. 
Koster on cancer, ii., 204. 

Lardaceous matter. See Amyloid. 

„ liver, ii., 85. 
Laryngeal croup, i., 426. 
Larynx, tubercular ulceration of, i., 440. 
Leiomyoma, i., 177. 
Leprosy, i., 135, 884. 
Leptomeningitis, ii., 306. 
Leptothrix buccalis, ii., &!. 
Leucin, i., 17. 

Leucocytes, migration of, i., 110. 
Lcukhamia, lymphatic, i., 217. 

„ splenic, i., 214. 
Leukhojniic tumours in liver, ii., 118. 
Lei/den and Jajfh on gangrene of lung, 

ii., 64. 
Li|)oma, i., 168. 

„ arborescens, L, 330. 

„ dune matris, iL, 355. 

„ mamms, iL, 212. 
Liver, morbid anatomy of, IL, 80. 

„ abscess, iL, 97. 
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LiTcr, ftdenoma, ii. 1 20. 

amTloid, ii., 85. 

atrophj, acute, ii., 91. 

— , chrouic, ii., 89. 

omncer, iL, 123. 

caTemoas tumour, ii., 112. 

ciirfaofis, it, 109. 

cjfftc, it, 114. 

fattj, iL, 80. 

liTpcrtrophietl, ii., 87.' 

indurated, ii., 105. 

Icukhcmi^ iL, 118. 

lobulated, iL, 111. 

parenchTinatous luflainmattop, iL, 
96. ' 

tjphilitic, ii., 113. 

tuDeide, ii., 119. 
Localised tuberculosis ii., 42. 
Loose cartilages in joints, ii., 278. 
Lung, moibid anatomy of, ii., 1. 

abscess, iL, 66. 

cancer, iL, 77. 

caseation, ii., 27. 

chronie cedema, ii., 25. 

collapsed, iL, 22. 

colliers', ii., 49. 

concretions, ii., 19, 37. 

disMises due to heart mischief, 
ii., 70. 

brown induration, ii., 71. 

emphysema, iL, 5. 

epithelium of, ii., 1. 

gangrene, diffuse, ii., 63. 

— , circumscribed, ii., 74. 

luemorrhagic infarction, iL, 74. 

hepatisation, ii., 56. 

occunnatous, ii., 24. 

slaty induration, ii., 25. 

splenisation, ii., 24. 

tuberculosis, ii., 32, 38. 

tumours, ii., 77. 

\omiced, ii., 32. 
Lupus, i., 398. 

„ syphiliticus, i., 383. 
Lymph, inflammatory, i., 310. 
Lymphadenitis, acute, i., 233. 

„ chronic, i., 236. 
Lymphangitis tuberculosa, ii., 45. 
I^ymphatic cndothelia and tubercle, ii., 

46. 
Lymphatic slands, cancer, i., 240. 
„ caseation, i., 238. 
,, deTelopment of, i., 95. 

epithelioma, i., 241. 

in leukhsemia, i., 217. 

sarcoma, i., 289. 

typhus abd., i., 442. 
Lymphoma, i., 180. 

of kidneji ii., 168. 
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Malformations of heart, Ac., i., 296. 
Malignity, L, 143. 
Malignant jaundice, iL, 92. 
Malpighian tufts, iL, 152. 
Mammaiy gland, abecees, iL, 199. 

., adenoma, iL, 201. 

., cmncer, iL, 205. 

., coUoid, iL, 209. 

., cystosarcoma, ii., 209. 
enchondioma, ii., 212. 

., hypertrophy, ii., 201. 

„ inflammation, ii., 199. 

,, lipoma, iL, 212. 
Mania, iL, 333. 
Manual-exercise bone, ii., 376. 
Margarin, L, 17. 
Mastitis, iL, 199. 
Medulla oblongata, degeneration of, 

ii., 351. 
Medullary cancer, i., 185. 

„ infiltration, L, 135, 439. 
Melamemia, L, 218. 
Melanotic tumours, i., 153, 157. 
Melasma suprarenale, ii., 230. 
Meliceris, i., 390. 
Meningitis, ii., 306. 
Mesenteric glands in typhoid, i., 442. 
Metastasis of tumours, L, 145. 
MetfnerVs researches on the brain, ii., 

330. 
Migration of leucocytes, i., 110. 
Miliaria, i., 313. 
Miliary tuberculosis of lung, ii., 29, 38. 

„ — , simulated, ii., 48. 
MiHum, i., 390. 
Milky spots, i., 327. 
Milza nera, i., 220. 
Mitral disease, i., 288. 
Moles, i., 368. 

Mollities ossium, i., 35 ; ii., 271. 
Molluscum contagiosum, i., 390. 

„ fibrosura, i., 373. 
Morbid growth in general, L, 68. 
Mortification. See Necrosis. 
Mucous tissue, i., 38. 

„ softening of cartilage, i., 33. 

„ bone, i., 35. 

„ tumours, i., 175. 
Mucus, origin and properties of, i., 32, 

86. 
Mucous membranes, i., 403. 

„ cancer, L, 455. 

„ chronic catarrh, i., 415. 

„ croup, L, 421. 

„ hypertrophy, i., 416. 

„ inflammation, L, 405. 

„ tuberculosis, L, 445. 

„ tumours, L, 458. 
Mumps, ii., 218. 
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^luscular atrophj, ii., 370. 
If — J spurious, ii., 372. 
,, tumours, i., 177. 
Musde, cancer, ii., 381. 
(leTclopment, i., 101. 
inflammation, ii., 373. 
morbid anatomy, ii., 370. 
sarcoma, ii., 384. 
in typhoid fcrcr, ii., 377. 
Myclitii*, li., 324. 
]^ly«51oplaxe8, i., 72. 
Myocarditis, i., 275. 
Myoma, i., 177. 

„ of testicle, ii., 197. 
Myositis, ii., 373. 
„ ossificans, ii., 375. 
„ typhosa, ii., 377. 
I^fyxoma, i., 175. 

of bone, ii., 290. 

of brain, ii., 3G1. 

of dura mater, ii., 355. 

of nerres, ii., 366. 

of sulirary glands, ii., 221. 
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Nfcirus spilus, i., 396. 

Nails, i., 363. 

Nasal fossae, cancer of, i., 456. 

Nasopharyngeal polypi, ii., 285. 

Necrosis, i., 3. 

of adipose tissue, i., 12. 

of areolar tissue, L, 13. 

of blood, i., 7. 

of bone, i., 16 ; ii., 255. 

of cartilage, i., 14. 

of muscle, i., 9. 

of nerve, i., 12. 

of tendon, i., 14. 

of nucleated cells, i., 8. 

living organisms in, i., 18. 
Nephritis, acute, ii., 156. 

„ interstitial, ii., 150, 158. 
Ner\'e8, development of, i., 103. 
Nervous system, ii., 297. 
Nettleraeh, i., 341. 
Neuroglia, ii., 299. 

„ in grey degeneration, ii., 346. 
Neuroma (false), ii., 365. 

„ (true), i., 178. 
Now formations, i., 108. 
Normal as a typo of morbid growth, 

i., 87. 
Nuclear fission, i., 72. 
Nutmeg-liver, ii., 83. 

<Edema of lungs, ii., 24. 
(Esophagus, cancer of, i., 457. 
Onychogiyphofis, i., 3i54. 
Orchitis, ii., 187. 
Organisationi^er inflammation, i., 115. 
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Organisation after suppumtion, i., 122. 

Osteoid chondroma, i., 173. 

Osteoma, i., 177. 

Osteomalacia, ii., 271. 

Osteophyte, ii., 280. 

Osteosarcoma, ii., 283. 

Ostitis fungosa, ii., 245. 

„ ossificans, ii., 24-1. 
Ovarii', ii., 171. 

„ abscess, ii., 172. 

,, cancer, ii., 185. 

,, colloid, ii., 180. 

„ cysts, ii., 173. 

„ dermoid tumour, ii.. 184. 

„ hydrops foUioulorimi, ii., 174. 

Pacchionian granulations, ii., 354. 
Pachydermia lymphangiectatica, i., 

380. 
Pachymeningitis, ii., 302. 
Papillary body, i., 334. 
Papilloma cysticum, i., 85. 

of mucous membranes, i., 153. 

myxoma todes, ii., 361. 

pi8B matris, ii., 361. 

of skin, i., 366. 
Papule, i., 340. 
Parostosis, ii., 244. 
Parotid, inflammation of, ii., 218. 
Pathology, its true character, ii., 4. 
Pearl cancer of brain, ii., 359. 
Pearly globes, i., 201. 
Pemphigus, i., 342. 
Perforating ulcer of stomach, i., 434. 
Peribronchitis chronica, ii., 19. 
Pericarditis, i., 305. 
Periostitis ossificans, ii., 243. 
Peritoneum, cancer of, i., 461. 
Peritonitis, i., 305. 
Perivascular spaces in brain, ii., 299. 
Peyer*8 patches in typhoid, i., 439. 
Phairngeal croup, i., 422. 
Phlebectasy, i., 263. 
Phlebitis, acute, i., 248. 
Phosphorus-poisoning, ii., 92. 
Phthisis, calcidosa, ii., 37. 

florida, ii., 36. 

following pneumonia, ii., 65. 

pulmonaiy, ii., 17. 
„ renalis, ii., 169. 

and tubercle, ii., -10. 

tuberculosa of brain, ii., 369. 
Pia mater, inflammation of, ii., 306. 

— , milky opacities in, ii., 314. 

— , oodeuia of, ii., 318. 
Pigment in skin, i., 368. 
Pigmentary infiltration, i., 56. 

— of cells, i., 61. 

— of lungs, ii., 26. 
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Pigmented radiating cancer of liver, 

ii., 126. 
Plaques muqucuscs, i., 367. 
Pleurisy, i., 305. 
Pleurogenic pneumonia, ii., 47. 
Pleuropneumonia of cattle, ii., 48. 
Pneumokoniosis, ii., 49. 
Pneumonia, catarrhal, ii., 13. 

„ croupous, ii., 55. 

„ dissecans, ii., 48. 

„ embolic, ii., 66. 

„ pleurogenic, ii., 47. 
Pneumothorax from abaoass of lung, 

ii., 70. 
Pock, i., 349. 
Polypi, mucous, i., 418. 

„ of heart, L, 294. 
Polyposis Tentriculi, i., 418. 
Polypus, i., 81. 
Pomphus, i., 341. 
Porrum, i., 366. 

Progressive muscular atrophy, ii., 370. 
Prostate, hypertrophied, ii., 213. 

„ inflamed, ii., 215. 

„ tubercle of, ii., 216. 

„ cancer of, ii., 217. 
Proliferation, i., 71. 
Protoplasm, nucleated, L, 74. 
Proud flesh, i., 127. 
Psammoma dur» matris, ii., 355. 
Pseudotuberculous bronchopneumonia, 

ii., 29. 
Psoriasis, i., 355. 
Psychoses, ii., 330. 
Punctiform hemorrhage in brain, ii., 

320. 
Purulent infiltration of lung, ii., 61. 
Pus, i., 118. 
Pus-corpuscle, i., 119. 
Pustule, i., 344. 
Pylephlebitis, ii., 97. 

Bectum, cancer of, i., 463. 
Bed atrophy of liver, ii., 89. 

„ softening of brain, ii., 326. 
Benal epitheUum, cloudy swelling, 

u., 138. 
Repair of cuticle, i., 125. 

„ processes of, i., 115. 

„ by second intention, i., 122. 
Resolution, i., 114. 
Retained secretions, i., 387. 
Rhabdomyoma, L, 177. 
Rheumatio inflammaticm of muscles, 

u., 376. 
Rheumatoid arthritis, iL, 266. 
Rickets, iL, 233. 
Rigidity of arteries, i., 257. 
Rigor mortis, i., 11. 



Salivary glands, cancer, iL, 221. 

„ — , cnchondroma, iL, 223. 

„ — , epithelioma, ii., 222. 

„ — , inflammation, ii., 218. 

„ — , myxoma, ii., 224. 

,, — , scirrhus, ii., 222. 
Sanies gangncnosa, L, 16. 
Sarcoma, alveolar, i., 152. 

„ carcinomatodea, ibid, 

„ — , pigmontatum, i., 153. 

„ spindlc-cell, i., 154, 156. 

„ fibrous, i., 150. 

„ lipomatodes, i., 150. 

„ lymphadenoid, L, 149, 240. 

„ melanotic, i., 157. 

„ myxomatodes, i., 151. 

„ ossificum, i., 149. 

„ round-cell, i., 148. 

„ of dura mater, ii., 354. 

„ in muscles, ii., 382. 

„ of bkin, i., 371. 

„ of testicle, ii., 19 i. 
Sarcomatous cancer, i., 190. 
Scirrhus, i., 191. 

„ of breast, ii., 207. 

„ of parotid, ii., 222. 

„ of stomach, L, 459. 
Sclerodermia adultorum, L, 376. 
Sclerosis of connective tissue, i., 327. 
Scrofulous caries, ii., 265. 

„ glands, i., 238. 
Sebaceous glands, i., 387. 

„ — , hypertrophy of, L, 397. 
Second intention. See repair by. 
Secretions of mucous surfaces, i., 411. 
Sequestrum, ii., 256. 
Serous membranes, i., 302. 

„ — , iiiflanmmtion, i., 305. 

„ sacs, suppuration in, L, 322. 

„ — , growths in, L, 329. 
Serum lacteum, L, 67. 
Siderosis, iL, 54. 
Simple meningitis, ii., 308. 
Skin, diseases of, L, 334w 

„ epithelioma, i., 369. 

„ fibroma, L, 373. 

„ sarcoma, i., 371. 

„ syphilitic deposits in, L, 383. 
Slaty induration oi lung, ii., 25. 
Small-pox, L, 349. 
Soft cancer, i., 185. 
Softening, red, ii., S26> 

„ yeUow, iL, 340. 

„ white, ii., 317. 
Specific forms of inflammation, L, 130. 
Spcdalsked, i., 384. 
Spinal cord, grey degeneration, ii., 344. 

„ — , inHammstion of, ii., 324^ 

„ — , tumours of, ii., 352. 
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Spindlo-ccll tissue, i., 117. 
Spleen, development of, i., 98. 
„ leukhsemic, i., 215. 
„ melansemic, i., 220. 
„ in typhus, i., 444. 
Splenisatiou of lung, ii., 2-i. 
Sputa in emphysema, ii., 5. 

„ pneumonia, ii., 59. 
Squama, i., 355. 
Squamous epithelioma, i., 198. 
Steatonia Miilleri, i., 169. 
Stomach, cancer, i., 468. 
colloid cancer, i., 460. 
catarrh, i., 418. 
cysloid degeneration, i., 418. 
epithelioma, i., 462. 
ulcer, i., 434. 
Stomatitis, i., 414. 
Strieker on Inflammation, i., 112. 
Stroma of cancer, i., 186. 
Struma (goitre), ii., 225. 
Sudoriparous glands, hypertrophy of, 

i., 397. 
Suppuration, i., 118. 

„ in bone, ii., 2-i9. 
Suprarenal capsules, ii., 229. 
II — , goitre of, ii., 230. 
„ — , cancer o ', ibid. 
Syflosifl, i., 39-1'. 
Syphilis iu bone, ii., 295. 
„ in corium, i., 383. 
in heart, i., 279. 
in liver, ii., 115. 
in lymphatic glands, i., 239. 
in testicle, ii., 192. 
Syphilitic inflammation, i., 132. 
Syphiloma of norvo-centros, ii., 362. 

Teeth in dermoid cysts, ii., 18 1. 
Telangiectasis, i., 266. 
Telangiectatic cancer, i., 188. 
Tc8tic4e, atrophy of, ii., 198. 

,, cancer of, ii., 198. 

„ cystosarcoma of, ii., 19f». 

,, enchondroma of, ii., 197. 

,, inflammation of, ii., 187. 

,, myoma of, 197. 

„ sarcoma of, ii., 194. 

„ syphilis of, ii., 192. 

„ tubercle of, ii., 189. 
Thiersch on primary union, i., 116. 
Thrombi, changes in, i., 224. 

„ softening of, i., 228. 

„ vascularisation of, i., 227. 
Tlu\)mbu9, i., 221. 
Thrombosis in ancarysms, i., 263. 

„ in heart, i., 294. 

„ in vena porta?, ii., 99. 
Thyroid, diseases of, ii., 225 
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>> 
It 

it 
it 



II 



II 



Thyroid, cancer of, ii., 228. 
Tongue, cancer of, i., 456. 
Tonsils, enlarged, i., 420. 

„ inflamed, i., 410. 
Tiicheal croup, i., 426. 
Tuber, i., 81. 
Tubercle, L, 136. 

„ in bone, ii., 296. 

„ in brain, ii., 368. 

„ in brain, solitary, ii., 365. 

„ in bronchial mucous membrane, 
ii., 22. 

„ in heart, i., 279. 

„ in liver, ii., 119. 

„ in lung, ii., 45. 

„ in kidney, ii., 168. 

„ in pia mater, ii., 310. 

„ in serous membranes, i., 330. 
Tuberculosb of bronchi, i., 449. 

„ of larynx, i., 449. 

„ of lungs, ii., 38. 

„ of prostate, ii., 216. 

„ of suprarenal bodies, ii., 229. 
Tubercular infiltration of lung, ii., 32. 

„ meningitis, ii., 309. 

„ ulceration of bronchi, ii., 22. 

„ ulcers in bowel, i., '4U). 
Tumour, definition of, i., 130. 
dyscrasia, i., 143. 
histioid, i., 142. 
Typhous cells, i., 135 ; ii., 377. 
Typhus abdominalis, i., 135, 239, 438. 

„ — , muscles in, ii., 377. 
Tyromata, i., 238. 
l^^rosin, i., 17. 

Ulceration of bronchi, ii., 21, 34. 
Ulcer of stomach, i., 434. 
Ulcers in typhoid, i., 439. 
Union, immediate, i., 116. 
Urate of soda in gout, ii., 270. 
Ureters, tubercle of, i., 446. 
Uterus, cancer of, i., 463. 
Utriculus prostaticus, ii., 213. 

Valves, perforation of, i., 283. 
Valvular aneurysm, i., 282. 

„ defects, i., 287. 
Varicose veins, i., 263. 
Variohi, i., 349. 
Vascularisation, primary, i., 89. 

„ secondary, i., 92. 

„ tertiary, i., 90. 
Vascularisation of thrombi, i., 227. 
Vegetations in serous sacs, i., 330. 

„ on valves, i., 281. 
Veins, dilated, i., 263. 

„ acute inflammation of, i., 248. 
Vertebra), caries of, ii., 265. 
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YcMds, derdopmciit of, L, 89. 

„ DormAl ft tm c tup e of, L, 244. 
YiUoiu tumour of Uadder, L, 454. 
VoU mmmu, onmlirulMation of bone, 

Yomifi* in faing, iL, S2. 

Wtigmtr on eroom L, 425. 
Warts, L, 364. 



Waxj kidnej, ii., 144. 

„ lirer, ii., 85. 

„ degeneration of muscle, ii., 377. 
Wheal, 1., 341. 
White swelling, iL, 263. 
Wounds of bone, ii., 252. 

„ repair of, L, 115. 

Yellow softening, iL, 340. 

Zemktr on mjositis tjpliosa, ii., 377. 
„ on pneumokoniosis, ii., 54. 
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